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Abstract 
 
Ornithopods are the most successful group of herbivorous dinosaurs, ranging from the Middle 
Jurassic to the Cretaceous, becoming extinct at the Cretaceous Paleogene boundary. However, 
most of the attention has been given to derived forms (Hadrosaurids). Herein, ornithopod material 
coming from Upper Jurassic of Lourinhã Fm. and housed at Museu da Lourinhã (ML) is described 
and discussed. Specimens studied include cranial and dental material, including cranial remains of 
a dryosaurid, axial skeleton elements, pectoral girdle elements and limb bones. Comparison with 
reference literature and phylogenetic analyses has allowed the attribution of the material either to 
Dryosauridae or and to Ankylopollexia. Since the lack of autapomorphic characters, it was not 
possible to assign the material to the two valid ornithopod Portuguese taxa, Draconyx loureiroi and 
Eousdryosaurus nanohallucis, although phylogenetic analyses hint a close relationship between the 
Lourinha dryosaurid material and E. nanohallucis. Principal Component Analysis (PCA) plotting limb 
bones proportions indicates a not fully mature ontogenetic stage for the Portuguese specimens. 
Comparing the Portuguese ornithopod fauna with the one in Morrison Formation and Kimmeridge 
Clay Formation, it is remarked the key-role of Portugal to understand biogeographic patterns in the 
distribution of iguanodontians.  
 
Keywords: Late Jurassic, Lourinhã Formation, Ornithopoda, Dinosauria, Systematics. 
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Resumo 
Os dinossauros ornitópodes são o grupo mais bem sucedido de dinossauros herbívoros, tendo 
aparecido no Jurássico Médio extinguindo-se no limite Cretácico/Paleogénico. É aqui descrito e 
discutido material das coleções do Museu da Lourinhã (ML) de ornitópode do Jurássico Superior da 
Formação da Lourinhã. Os espécimes estudados incluem material craniano e dentário, incluindo 
restos cranianos de um dinossauro driossaurídeo, elementos do esqueleto axial, elementos da 
cintura escapular e ossos dos membros. A comparação e análise filogenética permitiu a atribuição 
do material tanto a Dryosauridae como a Ankylopollexia. Não é possível atribuir o material aos dois 
táxons portugueses válidos de ornitópodes, Draconyx loureiroi e Eousdryosaurus nanohallucis, 
embora análises filogenéticas indiquem uma estreita relação entre o material de driossaurídeo da 
Lourinhã e E. nanohallucis. Análise de Componentes Principais (PCA) representando as proporções 
dos ossos dos membros indica um estágio ontogenético não maduro para os espécimes 
portugueses. É debatida a importância dos espécimes portugueses na distribuição de Iguanodontia 
na Formação Morrison e na Formação Kimmeridge Clay. 
 
Palavras-chave: Jurássico Superior, Formação da Lourinhã, Ornithopoda, Dinosauria, Sistemática. 
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1.Introduction  
 
 Ornithopod dinosaurs were among the most successful taxa of dinosaurian groups 
during the Mesozoic. They span from the Middle Jurassic (Callovosaurus leedsi, Callovian) to 
the latest Cretaceous, becoming extinct at the end- Maastrichtian mass extinction. To 
Ornithopoda (sensu Butler et al., 2008) belong some iconic species and some of the first 
dinosaur taxa ever described. Iguanodon is one of the three species which Owen (1842) used 
to define the group Dinosauria, and the second dinosaur species to appear in a scientific 
publication. It was made popular to the general public firstly thanks to the work of Waterhouse 
Hawkins, who made the first physical reconstructions of this animal (Romano et al., 2016). A 
few years later, another iconic taxon was described in North America: Hadrosaurus. During 
the infamous ‘Bone Wars’ in the American West, other famous species were discovered, such 
as Dryosaurus and Camptosaurus (Forster, 2007). In 1878, a huge concentration of Iguanodon 
specimens was discovered in the Bernissart coal mine of Belgium (Godefroit et al., 2012). At 
the beginning of the 1900s, a large variety of diverse forms were unearthed by Barnun Brown 
in the Late Cretaceous Dinosaur Park Formation, Canada: Kritosaurus, Prosaurolophus, 
Corythosaurus (Weishampel, 2014). Later in the 20th century, many other taxa were unearthed 
around the globe and the pace of ornithopod discoveries has since not slowed down in the 
present days (Weishampel, 2014). 
 Although ornithopods have a long history of research, some aspects of their systematic 
relationships remain somewhat poorly understood. This is particularly true for the most basal 
forms, which have undergone some dramatic revisions in their taxonomy (Butler et al. 2008; 
Boyd 2015). The more derived taxa (i.e. iguanodontians) are generally better understood whith 
respect to Cretaceous species; nevertheless, the Jurassic forms still present some enigmatic 
issues regarding their systematics and paleobiology.  
 The present work presents undescribed cranial and post- cranial material from the Late 
Jurassic of Portugal, currently housed at the Museu da Lourinhã, Lourinhã municipality. The 
main aim of this research project is to assess its systematic relationships, critically revise the 
Late Jurassic fossil record of ornithopod dinosaurs from Portugal and its bearing on the 
understanding of ornithopod historical biogeography. It was adopted a cladistic and 
comparative approach for classification and linear morphometrics (in particular, Principal 
Component Analysis, PCA) to assess ontogenetic stage of some specimens. 
Paleobiogeographic discussion was based on reference literature. 
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In this section, some general aspects of ornithopod anatomy and systematics are 
presented. It is then proceeded to revise the history of discoveries in Portugal and the 
geological framework of the Late Jurassic ornithopod-bearing formations. 
 
1.1 Systematics of ornithopod dinosaurs  
 
Systematic studies with cladistic approaches which comprised Ornithopoda, began in 
the 1980s (Norman, 1984; Sereno, 1984, 1986) and for long time the relationships within the 
clade remained stable. The traditional concept of Ornithopoda, included at the base 
Heterodontosauria (=Heterodontosauridae) and Hypsilophodontia, and basal iguanodontians 
in a more derived position (Dryosauridae and Tenontosaurus). Ankylopollexians 
(Camptosaurus + Styracosterna) were regarded as the most derived taxa within Ornithopoda 
(Sereno, 1986).  
 
 
Fig. 1.1.1: Cladogram of Ornithischia, after Sereno (1986) illustrating the ornistichian interrelationships. 
From Butler et al., 2008. 
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The analysis by Sereno (1986) dominated Ornithopoda (and, more in general, 
Ornithischia) taxonomy and systematics without many challengers (fig.1.1.1), although the 
dataset was never published (Butler, et al. 2008). In recent years, the discovery of many new 
taxa which apparently showed basal ornithopods affinities (i.e.: Jeholosaurus shangyuanensis, 
Changchunsaurus parvus and Haya griva) has led to many systematics revisions, with some 
contradictory results (Butler et al., 2011; Makovicky et al., 2011).  
Butler et al. (2008), in their comprehensive analysis of Ornithischia, recovered 
Heterodontosauridae, once thought to be the basal-most group of ornithopods, in a basal 
position outside Cerapoda (fig.1.1.2). The same occurs for the taxa Othnielia (= 
Othnieliosaurus rex), Agilisaurus and Hexinlusaurus, although weak support has been found 
for these positions. They also recovered a paraphyletic ‘Hypsilophodontidae’, ephasizing that 
the ‘hypsilophodontid plexus’ represents just a grade of many basal forms, as many other 
authors previously suggested (Scheetz, 1998, 1999; Winkler et al., 1998).  
To date, the only analysis which recovers a monophyletic hypsilophodontid clade is 
Norman (2015), grouping together Hypsilophodon foxii, Tenontosaurus, and Rhabdodontidae. 
Norman (2015), completely changes phylogenetic definition and diagnosis of 
Hypsilophodontidae in comparison to previous works; further studies may validate a 
monophyletic hypsilophodontid clade. In any event, the study of Butler et al., (2008) pointed 
out the need of deep revision within Ornithopoda as originally conceived.  The phylogenetic 
analyses of Butler et al. (2011) and Makovicky et al. (2011) which recovered a clade of basal 
asian ornithopods composed of Jeholosaurus, Haya and Changchunsaurus, did little to change 
the topology obtained from Butler et al. (2008). McDonald (2012) focused his attention on the 
relationships of basal Iguanodontians, supporting the splitting of traditional ‘Camptosaurus’ 
and ‘Iguanodon’. McDonald (2012) points out that Iguanodontia presents a patchy fossil 
records, which can lead to the instability of many basal taxa. Dryomorpha, with the inclusion 
of the genus Callovosaurus, is acknowledged as the most ancient clade of basal 
iguanodontians, dating back to the Callovian.   
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Fig. 1.1.2: Cladogram showing the ornithischian interrelationships recovered from Butler et al., 2008. 
Regarding Ornithopoda, the major changes is the position of Heterodontosauria. From Butler et al., 
2008.  
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The most heterodox hypothesis regarding ornithopod inter-relationships was proposed 
by Boyd (2015), in his extensive revision of ornithischian systematics and paleobiogeography 
of (fig.1.1.3). It was recovered the most inclusive Ornithopoda to date, consisting of just 
Hypsilophodon + Iguanodontia. Many of the basal taxa that once constituted the 
‘hypsilophodontid plexus’ (i.e. Thescelosaurus, Talenkauen, Zephyrosaurus, Orodromeus…) 
and the taxa included in the ‘basal asian ornithopod clade’ from Butler et al. (2011) and 
Makovicky et al. (2011), are recovered as part of a monophyletic clade called Parksosauridae, 
sister taxon to Cerapoda. Strickson et al. (2016) in their study in which calculated evolutionary 
Fig. 1.1.3: Cladogram showing the ornithischian interrelationships recovered by Boyd, 2015. The 
major changes, regarding Ornithopoda, are the exclusion of all the basal taxa, nested in the new 
clade Parksosauridae. From Boyd, 2015. 
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rates among ornithopods and obtained a super-tree in which recovered a topology more 
consistent with Butler et al. (2008).  
Madzia et al. (2017) included the new basal species Burianosaurus augustai in the data 
matrix of McDonald (2012) and Boyd (2015), and furtherly complicated the phylogenetic 
scenario of basal ornithopods relationships, recovering another different topology. The results 
of Madzia et al., (2017) strongly suggest that density of sampling has a great influence on 
Ornithopoda topology. This is particularly evident in the case of two enigmatic taxa: 
Kulindadromeus zabaikalicus and Gideonmantellia amonsanjuanae. Kulindadromeus is the 
first ornithischian which preserves trace of feather-like structures, and it is originally recovered 
by Godefroit et al. (2014) within Neornithischia sister taxon to Cerapoda. This topology was 
recovered inserting Kulindadromeus in the dataset of Butler et al. (2011). Gideonmantellia, 
was included in the same dataset by Ruiz-Omeñaca et al. (2012), resulting in a politomy with 
Talenkauen, the node composed by Gasparinisaura, Parksosaurus and Iguanodontia. The 
dataset of Madzia et al. (2017), which includes the highest number of basal neornithischian 
taxa so far, recovered Kulindadromeus nested at the base of Neornithischia basal to the node 
composed by (Jeholosauridae (Othnielosaurus (Clypeodonta, Thescelosauridae). 
Gideonmantellia in the same dataset is recovered as the basal-most ornithopod, while in the 
dataset of Han et al. (2017) which does not comprise a wide sampling of taxa in Neornithischia 
(due to the fact it was designed to test the affinities of Yilong within Ceratopsia) is recovered 
as basal-most iguanodontian. These results suggest that the base of Ornithopoda, and more 
in general Neornithischia, will remain unstable in the near future. Table 1.1.1 summarizes the 
phylogenetic definitions used in this work, and their relative diagnoses. 
 
Taxon Definition Diagnosis  Reference 
Ornithopoda All genasaurians more closely 
related to Parasaurolophus 
walkeri, than to Triceratops 
horridus.  
Presence of fossa-like depression 
on the premaxilla – maxilla 
boundary; possession of narrow 
and elongate (more than twice as 
long as wide) frontals that contact 
the nasals anterior to the orbits; 
possession of a foramen 
positioned on the dorsal part of the 
surangular-dentary joint.  
Butler et al., 
2008. 
Tab.1.1.1: Phylogenetic definitions of Ornithopoda and sub-clades used in this work. 
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Iguanodontia All ornithopods more closely 
related to Parasaurolophus 
walkeri, than to Hypsilophodon 
foxii or Thescelosaurus neglectus. 
Premaxilla with a transversely 
expanded and edentulous margin; 
a predentary with a smoothly 
convex rostral margin when 
viewed in dorsal aspect; a deep 
dentary ramus; with parallel dorsal 
and ventral borders; no evidence 
of sternal rib ossifications; the loss 
of one phalanx in the digit III of the 
manus; a prepubic process that is 
compressed and blade-shaped 
Norman, 2004 
Dryosauridae Dryosaurus altus and all the taxa 
more closely related to it than to 
Parasaurolophus walkeri. 
Lacrimal inserts into notch in the 
maxilla; very wide brevis shelf of 
the ilium; large, deep pit on the 
femoral shaft, at the base of 4th 
trochanter; digit I of the pes lost or 
vestigial.  
Sereno, 1998. 
Ankylopollexia Camptosaurus dispar, 
Parasaurolophus walkeri, their 
common ancestor and all its 
descendants.  
Specially modified manus and fore 
limb to accommodate spine-like 
thumb; more elongate preorbital 
and generally lower skull-profile; 
the frontal participates less in the 
orbital margin than in dryomorphs. 
Norman, 2004. 
Styracosterna All ankylopollexians more closely 
related to Parasaurolophus than 
to Camptosaurus.  
Hatchet-shape sternal bones; 
flattened manus unguals. 
Norman, 2004 
Hadrosauridae Parasaurolophus, Telmatosaurus 
their common ancestor and all its 
descendants. 
Three or more replacements of 
teeth for tooth family; distal 
extension of dentary tooth row 
terminating caudal to coronoid 
process; caudal-most termination 
of the dentary well behind the 
coronoid process; absence of 
surrangular foramen; contact of 
the ectoperygoid and jugal with 
supraorbital; elevation of cervical 
zygapophyseal peduncles well 
above the neural arch; long and 
dorsally arched post-
zygapophyses; coracoid with a long 
cranioventral process that extends 
well below the glenoid; 
dorsoventrally narrow scapula 
with acromion process which 
projects horizontally; reduced area 
for coracoid articulation; deep 
intercondylar extensor groove on 
the femur. 
Horner et al., 
2004 
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1.2 Ornithopod anatomy: state of the art and main 
synapomorphies  
 
 Basal ornithopods (non-iguanodontians) 
 
In light of recent phylogenetic analyses, there is little agreement about what a basal 
ornithopod is (Butler et al., 2008; Boyd 2015). Traditionally, Heterodontosauridae was 
considered the most primitive clade belonging to Ornithopoda, but it is now recovered as a 
distinct group within Cerapoda (Butler et al., 2008, 2011; Boyd 2015). A plethora of possible 
basal forms have been discovered in recent years, although the position of these taxa is 
unstable as we saw in the previous chapter. In this work Hypsilophodon foxii is acknowledged 
as the best model to illustrate basal ornithopod bauplan. This is because Hypsilophodon is the 
basal-most taxon with a stable position at the base of Ornithopoda (Butler et al., 2008, 2011; 
Boyd 2015, Dieudonné et al., 2016); and this species is represented by various specimens at 
different ontogenetic stages (Galton, 1974a). The following description is based on the original 
osteological analysis by Galton (1974a), integrated with the general revision of basal 
ornithopods by Norman et al. (2004). 
      Cranial skeleton (fig.1.2.1) – Hypsilophodon presents a comparatively short and high 
skull. The antorbital, orbital and postorbital openings are large compared to the size of the 
skull. The general skull proportions present in the juveniles do not change much in adult 
specimens. The orbit is circular, the antorbital fossa forms a pocket-like recess, bounded by a 
sub-triangular antorbital fenestra (Galton, 1974a). The rostral region of the premaxilla is 
edentulous, with a rugose outer surface, supporting probably a keratinous rhamphoteca in life. 
Hypsilophodon has five premaxillary teeth. As a primitive condition in ornithopods, the ventral 
margin of the premaxilla is offset to a level below that of the maxilla. Several foramina are well 
distinguishable around the narial opening. The rostrodorsal margin of the maxilla contacts the 
lateral process of the premaxilla along a shallow, convex articular surface (Galton, 1974a; 
Norman et al., 2004). In the maxilla, the tooth row is inset from the side of the skull and creates 
an overhang (a similar inset is present in the dentary). The longitudinal facial recess, formed 
by the inset of maxillary dentition suggests the presence of fleshy cheeks (Norman et al., 
2004). In Hypsilophodon, the maxillary lower lateral portion presents vascular canals. The 
ventral part of the jugal-quadratojugal articulation is striated, probably reflecting an attachment 
of connective tissue associated to the cheeks. The orbital margin, bears the nasolacrimal 
canal. A short palbebral bone covers a small part of the orbit, which contacts prefrontal bone. 
The prefrontal forms a jointed suture with the lacrimal and contacts medially the nasal and 
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frontal bones. The two frontals have an approximate compressed pentangle-shape in dorsal 
view, indented laterally where it forms the rugose part of the orbit. Caudally it forms 
interdigitated transverse suture with the parietal (Galton 1974a, Norman et al., 2004).  
The predentary is scoop shaped and cap the rostral end of each dentary. It has a short 
median ventral process that underlies the dentary symphysis. The oral margin is sharp and 
unserrated. The dentary becomes progressively thicker, deeper and divergent caudally. 
Various neurovascular foramina are present in the body of the dentary, and a discrete coronoid 
process is present. he teeth row extends along the medial edge of the dentary, terminating in 
correspondence with the coronoid process.  The surangular forms a buttress for the coronoid 
process, and the contact with the dentary is marked by a small foramen. The coronoid bone 
overlies the coronoid process of the dentary (Galton 1974a, Norman et al., 2004). In medial 
view, the mandible is constituted for the majority of its length by a large splenial (it covers the 
mandibular canal). The prearticular, which forms the medioventral wall of the abductor fossa, 
Fig. 1.2.1: Hypsilophodon foxii. Skull in (A) lateral and (B) dorsal view. Mandible in (C-1) lateral and 
(C-2) dorsal view. Maxillar (D) and dental (E) teeth. From Galton 1974a and Norman et al., 2004, 
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contacts the dentary, articular and surangular. The articular forms the medial portion of the jaw 
joints and overlaps laterally the surrangular. 
Dental anatomy (fig.1.2.1)– Hypsilophodon possesses ten premaxillary teeth. They do 
not differ from one another, presenting a pointy, slightly curved crown mesio-distally and an 
elongated tapering root. The predentary is toothless. The maxillary teeth range from ten to 
twelve in number, while the dentary teeth from 13 to 14. The root and the crown are divided 
by small cingulum. The crown of maxillary teeth is slightly recurved lingually, presenting on the 
enamelled labial surface, a series of longitudinal ridges. The dentary teeth are oriented on the 
opposite direction with respect to the maxillary teeth, being recuverved labially, and having the 
ridges on the lingual surface. The ridges of dentary teeth are slightly different from the maxillary 
ones, with some being on more developed than the others (main or primary ridge) and forming 
an apex on the tooth crown. Both the maxillary and dentary crown present numerous dentilcles 
on the crown edge.  
 Axial skeleton (fig.1.2.2)– Hypsilophodon, presents nine cervical vertebrae, which is 
the primitive condition for Ornithopoda (Galton, 1971, 1974a; Norman et al., 2004). The 
proatlas is a recurved element connecting the atlas to the occiput. The unfused atlas comprises 
an intercentrum, well developed pleurocentrum sutured to the axis and separated neural 
arches. The prezygapophises of the axis face laterally, to receive the atlas. The axis is 
cylindrical, with a prominent neural spine. It is possible to recognize a trend in the cervical 
series:  the centra are parallelogram-like cranially, rectangular in middle, and trapezoidal 
caudally. The centra are longer in the cranial part of the series (Norman et al., 2004). This 
gives a sigmoidal outline to the neck. The centra from the third to the seventh cervical are 
slightly opisthocoelus, while the 8th and 9th are slightly amphicoelus. A lateral concavity is 
present on the centra, which becomes deeper caudally. The parapophyses are situated on or 
just below the neurocentral suture. The diapophysis, in the cranial portion of the series, is near 
the parapophysis but migrates caudodorsally. The neural spines form a ridge at the contact 
with postzygapophyses for most of the cervical series, with a slight increase in elevation toward 
dorsal vertebral series (Galton, 1971, 1974a; Norman et al., 2004). Cranially, cervical 
zygapophyses are nearly horizontal, becoming slightly recurved in the middle portion of the 
series, and returning sub-horizontal caudally. The cervical ribs are double headed: the 
capitulum and tuberculum are closely situated cranially, while caudally they become more 
widely separated, and the tubercular process shorter. Dorsal vertebrae are 15 in 
Hypsilophodon, and are generally slightly amphicoelous. The centra are spool-shaped, and 
rectangular in lateral view. The transverse processes are horizontal, pointing caudolaterally 
situated at the level of zygapophyses. The parapophyses move on to the transverse near the 
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cranial end of the series. The cranial dorsal zygapophyses are horizontal and become inclined 
of 45° caudally. The dorsal ribs, as the cervical one, are double-headed; the tuberculum and 
capitulum are close together, with the first becoming progressively reduced caudally. In 
Hypsilophodon is reported intra-specific dimorphism regarding the structure of the sacrum. 
Some specimens present five sacral vertebrae, while other six (Galton, 1974a; Norman et al., 
2004). The specimens which show 5 sacral vertebrae have the last dorsal vertebra expanded 
caudally, forming an extensive sutural contact with the first sacral (Galton, 1974a; Norman et 
al., 2004). By contrast, the specimens which possess six sacral vertebrae, show the ribs of the 
first one sutured to the centrum and the neural arch and contact the pubic peduncles of the 
ilia. Hypsilophodon has 45-50 caudal vertebrae, all of them are amphicoelous and become 
progressively lower and more-slender towards the terminal end of the tail (Galton, 1971, 
1974a; Norman et al., 2004). The proximal part of the caudal series, presents more concave 
centra, because of the facets of articulation for the chevrons; the distal part of the caudal series 
the articulation is reduced and the ventral border is flatter (Galton, 1971, 1974a; Norman et al., 
2004). Transverse processes are horizontal and directed laterodistally, located ventrally to the 
neurocentral suture, and are reduced progressively towards the distal part of the tail, until they 
completely disappear in the distal-most part of the caudal series. Zygapophyses in the caudal 
series are inclined of 45° proximally and well developed, while distally become more vertical. 
Chevrons are found throughout all the caudal series. As for the other vertebral processes, 
proximally are more robust while become more reduced distally (Galton, 1974a; Norman et al., 
2004). 
 
 
Appendicular skeleton (fig. 1.2.3) –  the scapula in Hypsilophodon is the same length 
as the humerus (Galton, 1971, 1974a; Norman et al., 2004). It is slightly bowed, to 
accommodate around the rib cage. Distally is more flattened than proximally, in mid-section. 
The proximal end of the base of the scapula, bears a triangular facet with a rounded articular 
Fig. 1.2.2: Reconstruction of Hypsilophodon foxii. Scale bar = 50cm. 
Gregory S. Paul. From Norman et al., 2004. 
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surface for the insertion of the clavicle. The dorsal end of the scapula probably carried a 
cartilagineous suprascapula (Galton, 1971, 1974a; Norman et al., 2004).  The coracoid is thin, 
concave dorso-ventrally and convex antero-posteriorly.  The coracoid foramen is located in the 
posterior part of a raised area present dorsally in the inner surface. The glenoid fossa faces 
caudolaterally. The sternal plates are reniform in ventral view. Both the sagittal rim and the 
caudolateral margin are thickened, where they contact other bone elements. The humerus is 
robust and slightly twisted, with the head of the humerus broader than the distal end (Galton, 
1974a; Norman et al., 2004). The deltapectoral crest is restricted to the proximal end of the 
humerus, and it is angular and directed craniolaterally. Radius and ulna are about 70 – 80 % 
of the length of humerus. The wrist is composed by ulnare and intermedium, the manus retains 
5 digits. 
 
The ilium has a low lateral profile, a primitive condition among ornithopods. In 
Hypsilophodon, the ilium dorsal margin is broadly convex. It is present a bulbous lateral 
expansion above ischial peducle. The pubic peduncle is slender, and is positioned at 20° with 
the horizontal (Galton, 1971, 1974a; Norman et al., 2004).  The pubis has a well-developed 
prepubic process, which is flat and striated on external surface, and ventrally grooved. The 
pubic shaft is a long straight rod, the obturator foramen is enclosed by the pubis. The ischium 
presents an expanded proximal end, which is separated by the blade-like distal one by a short, 
restricted shaft. The long bones appear proportionally gracile. The pelvic-limbs are more 
developed than the fore-limbs, respect to the ones present in the more derived iguanodontians 
(Galton, 1971, 1974a; Norman et al., 2004). The shaft of the femur is straight in cranial view, 
and slightly bowed laterally. The head of the femur is positioned ad 90° respect to the shaft. 
The 4th trochanter is positioned in proximal half the femoral shaft. The tibia appears to be a 
straight shaft, transversely expanded distally. Hypsilophodon retains two tarsals and five 
metatarsals. The ungueals are narrow and claw-like (Galton, 1971, 1974a; Norman et al., 
2004).  
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Iguanodontians 
 
Iguanodontian ornithopods show a great variety in shape and dimensions, ranging from 
the cursorial, two m long Dryosaurus altus, to the facultative biped, seven m long 
Ouranosaurus nigeriensis. They are the most successful group of ornithopods, spanning from 
the Middle Jurassic to the latest Cretaceous. Their success is linked to increased efficiency in 
the processing of food, which reached its apex with Hadrosauridae (Horner et al., 2004; 
Norman, 2004). Iguanodontians are distinguished from basal ornithopods by a premaxilla with 
a transversely expanded and edentulous margin; a predentary with a smoothly convex rostral 
margin when in dorsal view; a deep dentary ramus; with parallel dorsal and ventral borders; 
no evidence of sternal rib ossifications the loss of one phalanx in digit III of the manus; a 
prepubic process that is compressed and blade-shaped. The following introduction is based 
on the general review of Norman (2004), integrated with Norman (1980,1986).  
Fig. 1.2.3: Manus (A) and pelvis (B) of Hypsilophodon foxii. Scale bar: 2,5 cm and 5 cm 
respectively. Modified from Norman et al., 2004. 
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Cranial skeleton (fig.1.2.4) – generally, iguanodontians present a long, laterally 
compressed skull. On the dorsal part of the skull-plate, two well-proportioned oval temporal 
fenestrae are present. Dryosaurus and Zalmoxes represent an exception, showing a more 
robust and compressed skull (Galton, 1983; Norman, 2004). The palpebral bone is thin and, 
in the more derived forms (i.e. Iguanodon) is smoothly arched, along the rostro-dorsal part of 
the orbit. The two nasals are long and narrow. The frontals are a big part of the skull table, 
being flat instead of slightly arched as in basal ornithopods. The antorbital fossa associated to 
the antorbital fenestra is reduced with respect to basal ornithopods, and in the most derived 
forms (i.e Probactrosaurus), the fossa is completely obliterated by the surrounding bones 
(Norman, 1980, 1986, 2004). The premaxilla is arched to form a beak which is most- developed 
in more derived forms. The predentary is deep, more developed respect to basal ornithopods, 
being completely smooth in Dryosaurus and Zalmoxes, and exhibiting denticles in more 
derived forms (Galton, 1983, 2006; Norman, 2004). The most derived species show denticles 
that resemble the ones present in hadrosaurids. The dentary bone is generally thick and robust 
in all iguanodontians; caudally the coronoid process articulates with a small and oblique 
coronoid ramus in Dryosaurus and Camptosaurus (Galton & Powell, 1980; Galton, 1983; 
Norman. 2004) and in the more derived forms, the coronoid ramus is larger and nearly 
perpendicular. In the most derived non-hadrosauroid iguanodontians, the coronoid ramus is 
slightly offset laterally respect with to the dental series (Norman, 2004; Bertozzo et al., 2017).   
 
Fig. 1.2.4: Skull comparisons of some basal iguanodontians: Mantellisaurus atherfieldensis (A), 
Ouranosaurus nigeriensis (B), Dysalotosaurus lettoworbecki (C), Camptosaurus dispar (D). Modified 
from Norman, 2004 
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Dental anatomy (fig. 1.2.5) – basal iguanodontians possess mesiodistally expanded 
and linguolabially compressed teeth (Norman, 2004). The crown of maxillary and dentary teeth 
is subdivided by enamel ridges labially and lingually respectively. There is a trend in the size 
and array of these ridges: the more basal forms present sub-equal enamel ridges in maxillary 
teeth, arranged in a parallel or divergent pattern. The dentary teeth present a thicker primary 
ridge, sub-median, which ranges from the base of the crown to the apex. Variable number of 
subsidiary ridges is present (Weishampel, 1984; Galton, 2006). More derived iguanodontians, 
have a prominent, single ridge on maxillary teeth, while the dentary teeth possess a low 
primary ridge, culminating to the apex of the crown, and eventually a secondary ridge. Most 
derived forms begin the typical diamond shape present in hadrosaurid ornithopod (Norman, 
2004). The crown is covered by a veneer of enamel in basal forms, thicker labially or lingually, 
in maxillary and dentary teeth, respectively. In the more derived forms, just in one of the two 
side the enamel is present. In basal forms the crown margin has small hook-like enamel 
denticles, while mammilated denticles are present in more derived forms, and no denticles at 
all in the most derived ones (Weishampel, 1984). 
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Fig. 1.2.5: Iguanodont ian  tee th ,  A-B: labial and lingual view of a maxillary and a dentary 
tooth of Dysalotosaurus lettowvorbecki; C-D: lingual and labial view of dentary and maxillary 
tooth of Altirhinus kurzanovi; E: dentary tooth (lingual view) of Probactrosaurus gobensis. Scale bars: 
1 cm. From Norman et al., 2004. 
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Axial skeleton (fig.1.2.6) – like other parts of the skeleton, the axial skeleton show 
variability in non-hadrosauroid iguanodontians. Tenontosaurus has twelve cervical vertebrae, 
16 dorsal vertebrae, five sacral and 60-65 caudal vertebrae (this feature is thought to be an 
autapomorphic character) (Norman, 2004). Camptosaurus and Dryosaurus show similar 
numbers in vertebral series: nine cervical vertebrae, 15 dorsal vertebrae, six sacral vertebrae, 
up to 30 caudal vertebrae are present in Dryosaurus, and nine cervical vertebrae, 15 to 16 
dorsal vertebrae, five sacral vertebrae, 45 caudal vertebrae are present in Camptosaurus. The 
axial skeleton of Dryosaurus is not significantly different from Hypsilophodon (Galton, 1971, 
1974a, 1981); Camptosaurus cervical vertebrae become progressively more opisthocoelous 
toward caudal end of the series (Norman, 2004). They are cubic in shape, presenting a ventral 
keel. Dorsal vertebrae are similar in shape, but towards the middle of the series they become 
amphiplatyan. The two first sacral vertebrae fuse before the other sacral vertebrae present in 
the same series.  The neural spines become progressively thicker along the vertebral column 
(Norman, 2004). 
More derived iguanodontians show an increase number of vertebrae: Mantellisaurus 
atherfieldensis presents ten to eleven cervical vertebrae, 17 dorsal vertebrae, six sacral 
vertebrae and up to 45 caudal vertebrae; Iguanodon bernissartensis exhibit eleven cervical 
vertebrae, 17 dorsal vertebrae, seven sacral vertebrae, 50 caudal vertebrae (Norman, 
1980,1986, 2004); Ouranosaurus nigeriensis eleven cervical vertebrae, 17 dorsal vertebrae, 
sixsacral vertebrae, more than 40 caudal vertebrae (Bertozzo et al., 2017). Among the more 
derived forms peculiar evolutionary trends are recognizable. In the cervical series, the neural 
spines become more prominent with respect to the more basal forms, the zygapophyses 
recede to the large dorsal platform which also supports the neural spine, parapophyses 
become larger and move to the neurocentral suture. The dorsal vertebrae, cranially retain 
some cervical features, further in the series they become narrower and taller. The neural arch 
is supported by a broad neural platform, proportionally larger than the more basal forms. The 
parapophyses migrate to the side of the neural arch. In Ouranosaurus the neural spines are 
hypertrophic. The caudal vertebral series presents rectangular centra proximally, while 
towards the mid- vertebral column they become more cylindrical (Norman, 2004; Bertozzo et 
al., 2017). 
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Fig. 1.2.6: Skeletal reconstructions of some basal iguanodontians. A,  Dryosaurus altus; B,  
Camptosaurus dispar; C Iguanodon bernissartensis; D, Ouranosaurus nigeriensis. Scale bar = 1 m. 
Gregory S. Paul. From Norman et al., 2004. 
 
23 
 
 
Appendicular skeleton (fig.1.2.7)– in Tenontosaurus the scapula is longer than the 
humerus. Generally, in all iguanodontians these proportions are maintained. Some taxa exhibit 
scapula and humerus of the same length (Norman, 2004). The scapula flares distally, 
Dryosaurus and derived iguanodontians present a well-developed acromion (Galton, 1981; 
Norman, 2004). The coracoid is a large and tabular structure. The sternal bones are highly 
variable: in Camptosaurus, Dryosaurus and Tenontosaurus are large, flat and reniform in 
shape, while in more derived iguanodontians are hatchet-like (Galton, 1981; Norman, 2004). 
Camptosaurus has well-ossified inter-carpals, while more derived iguanodontians have more 
heavily-built carpals. The manus is laterally compressed, in ankylopollexians the first ungueal 
has the typical spike shape, and the other digits show hyperphalangic condition (Norman, 
1980,1986,2004). The elements which compose the hips show great variability: the ilium in 
Dryosaurus has a low, elongated profile, in Camptosaurus is higher in lateral profile, and more 
derived iguanodontians have stout and thick ilia (Galton, 1981; Norman, 2004). The 
preacetabular process becomes more pronounced in derived iguanodontians. The pubis, in 
basal-most iguanodontians is similar to basal ornithopods, while more derived iguanodontians 
show an extremely more developed prepubic process, and their pubic-shaft terminates 
towards the midshaft of the ischium. The ischium does not show as much variation as the other 
hip-bones, beside the peculiar shape of Zalmoxes and Tenontosaurus (Dodson, 1980; 
Weishampel, 2003). In more derived taxa, the ischium presents an obturator process and it is 
slightly curved (Norman, 2004). 
In Dryosaurus and Valdosaurus The femur is slender and arched, with the 4th 
trochanter proximal and pointy (Galton, 1981,2009; Barrett et al., 2011). Camptosaurus and 
more derived iguanodontians have more straight femora (Gilmore, 1909; Norman, 1980, 1986, 
2004). The 4th trochanter is positioned in the mid-shaft of the femur and is blade-like in shape. 
The extensor groove is deeper. The tibia is longer than the femur in dryosaurids and 
Tenontosaurus, while in Camptosaurus and derived iguanodontians the tibia is shorter than 
the femur (Gilmore, 1909; Dodson, 1980; Galton 1981, 1983; Norman, 1986, 2004). The pes 
shows interesting evolutionary trends: the number of lateral digits are progressively reduced. 
Tenontosaurus has the V metatarsal extremely reduced to a splint. Dryosaurus shows the loss 
of the functional digit I, as in more derived forms, reduced to a vestigial structure as 
autapomorphic, the metatarsal V is absent (Galton, 1981). Camptosaurus has two phalanges 
in digit I, and the ungueals are pointed as the ones present in Dryosaurus (Gilmore, 1909; 
Galton, 1981). More derived iguanodontians (Mantellisaurus, Iguanodon, Ouranosaurus) 
retain just three functional toes. 
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Hadrosaurids  
 
Hadrosaurids are the most derived group of iguanodontian dinosaurs, they were 
extremely successful in the latest Cretaceous, showing a great variety of forms. They are the 
best-known group of ornithopods, thanks to the hundreds of findings in North America, Asia 
and Europe. Not only does the information come from dozens of complete adult skeletons, but 
also from nests, juveniles, and trackways. The key innovations which led these animals to be 
one of the most abundant herbivorous groups of dinosaurs during the Late Cretaceous, are 
the better developed dental batteries and coronoid process, which implemented the 
masticatory function of basal iguanodontians (Horner et al., 2004; Williams et al., 2009). They 
are distinguished from other iguanodontians by: three or more replacements of teeth for tooth 
family; distal extension of dentary tooth row terminating caudal to coronoid process; caudal-
Fig. 1.2.7: A-E: Pelvis in lateral view of various basal iguanodontians: A, Tenontosaurus tilletti; B 
Dryosaurus altus; C, Camptosaurus dispar; D Mantellisaurus atherfieldensis; E, Ouranosaurus nigeriensis.  
Scale bar: 10 cm. 
F-H: Femora of various basal iguanodontians: F 1-3, Dysalotosaurus lettowvorbecki,1, posterior view; 2, 
medial view, 3, anterior view.; G 1-2, Tenontosaurus tilletti 1, anterior view; 2 lateral view; H 1-2, 
Mantellisaurus atherfieldensis, 1, anterior view; 2, medial view. Scale bar: 10 cm. Modified from Norman et 
al., 2004. 
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most termination of the dentary well behind the coronoid process; absence of surrangular 
foramen; contact of the ectoperygoid and jugal with supraorbital; elevation of cervical 
zygapophyseal peduncles well above the neural arch; long and dorsally arched post-
zygapophyses; coracoid with a long cranioventral process that extends well below the glenoid; 
dorsoventrally narrow scapula with acromion process which projects horizontally; reduced area 
for coracoid articulation; deep intercondylar extensor groove on the femur (Horner et al., 2004). 
The following presentation of hadrosaurid general anatomy is based on the revision of Horner 
et al., 2004. 
Cranial skeleton (fig. 1.2.8) – the skull is a well-known part of hadrosaurid, it’s most 
peculiar characters are the dental batteries, the alternation of nasal cavities and the expanded 
rostrum.  The dental batteries are the result of close packing of small teeth, with 3-5 teeth 
replacement for tooth units. The teeth are leaf-shaped with a median carina.  Facial skeleton 
is often arranged to accommodate a facial crest which is typical of hadrosaurines, or 
reorganized as high supracranial crest distinctive of lambeosaurines. The high circumnarial 
depression in hadrosaurines was most likely the anchor for a fleshy narial diverticulum, while 
the supracranial crest hosts a hollow nasal cavity, composed mainly by nasals and 
premaxillae, and constituted by the frontals and prefrontals laterally (Horner et al., 2004; Prieto-
Màrquez, 2010)). The premaxillae are edentulous and present denticles, which shape and size 
are species-related (Horner et al., 2004; Williams et al., 2009; LeBlanc et al., 2016). The 
mandible of hadrosaurids is massive, and it is 2/3 of lower jaw in length. In labeosaurines, the 
rostral part is ventrally arched. The coronoid bone contacts the coronoid process located 
distally in the dentary bone. The coronoid is high and robust, offset laterally respect to the tooth 
row, and extends to the adductor chamber of the jugal. Distally, the coronoid is expanded 
rostrally. Dorsally and ventrally some faces for ligament attachments  are presents (Horner et 
al., 2004). 
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Dental anatomy (fig. 1.2.9) – hadrosaurids have one of the most complex dentitions 
among vertebrates. Both maxillary and dentary teeth are packed in dental batteries, with up to 
60 tooth families, consisting from three to five teeth per family. The teeth are diamond-shaped, 
possessing enamel just on one side of the crown (labial or lingual, as more basal 
iguanodontians). Only a medial ridge is present on the enamelled surface, and no denticles 
are present on the crown margin (Williams et al., 2009). Recently, LeBlanc et al. (2016) 
proposed a strikingly different model to describe replacement patterns in hadrosaurid dentition: 
the teeth, instead of being shed after root resorption, as in other reptiles and basal ornithopods, 
are eroded completely during mastication. In their model, the pulp cavity is filled with dentine 
very early in tooth development stages, so the tooth itself, has a very short life as ‘living tissue’ 
and it acquires its functional characteristics through wearing.  
 
Fig.1.2.8: Comparison of the skulls in lateral vew of the hadrosaurine Edmontosaurus 
saskatchewanensis (A) and the lambeosaruine Lambeosaurus lambei (B). Scale bars: 20 cm. 
Modified from Horner et al.,2004. 
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Axial skeleton (fig.1.2.10) – the number presacral vertebrae varies from 29 to 32 in 
primitive hadrosaurids, while ranges from 30 to 34 in lambeosaurines. In the former group 
twelve to 15 cervical vertebrae are present, while in lambeosarines have from 13 to 15 (Horner 
et al., 2004; Prieto-Màrquez, 2010). All the vertebrae are held horizontal to the ground, being 
the cervical vertebrae dorsiflexed and the dorsal ventriflexed, giving the typical hadrosaurid 
lateral profile. The cervical vertebrae are dorsoventrally compressed in cranial part of the 
series, while become heart shaped caudally. There is not much difference between last 
cervical vertebrae and the first dorsal vertebrae, they retain the heart-shape centra of the last 
cervical vertebrae and become bigger caudally. Dorsal vertebrae range from 16 to 20 (Horner 
et al., 2004). The neural arches and spines become progressively higher along the cervical-
dorsal series, being in lambeosaurines much higher than in other hadrosaurids. Sacral series 
comprises nine to twelve vertebrae, the fusion degree of the sacrum depends from the species. 
Generally, the parapophyses of the sacral vertebrae contacts the sacral plates formed from 
the sacral ribs, which contact the inner part of the ilium. The caudal series ranges from 50 to 
Fig. 1.2.9: Dentary teeth battery of Lambeosaurus lambei. Scale bar: 5 cm. From Horner et al., 2004 
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70 vertebrae, and as many part of the post-cranial skeleton, the number is species-related 
(Horner et al., 2004). The general outline of the centra is hexagonal, compressed axially; the 
high of neural arch and spine decrease progressively along the series. Typically, the tallest 
neural spine is the one belonging to the second caudal vertebra. 
 
 
 
 
 
 
Fig.1.2.10: C omparison of axial skeleton of Gryposaurus incurvimanus (A) and Corythosaurus 
casuarius (B). Scale bar: 1 m. From Horner et al., 2004. 
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Appendicular skeleton (fig.1.2.11) – pectoral girdle and fore-limb are distinctive among 
hadrosaurids. The scapula flares distally exhibiting a well-developed acromion process. The 
coracoid is proportionally small, compared to other ornithischians. The sternal bones have 
various shape, they are held together by cartilage (Horner et al., 2004; Prieto-Marquez, 2010). 
The fore – limb presents a massive humerus, with a well-developed deltapectoral crest. The 
rest of the forelimb (radius, ulna) is a straight slender structure, articulating with the manus 
which retains four digits supported by two carpals. The pelvic elements are not fused together, 
but held by connective tissue. The ilium presents as most distinctive feature a long, ventrally 
deflected and laterally compressed, cranial process. The pubis has a long prepubic process, 
expanded distally; and a short, curved pubic shaft. The obturator process is completely open. 
The ischium shaft is long, lighter built in hadrosaurines (Horner et al., 2004; Prieto-Marquez, 
2010). The leg is generally massive, as the fore-limb, presenting a robust straight femur having 
a distinct head articulating with the pelvis, articulating with a slender tibia, which expands both 
proximally and distally. The pes, as in more basal iguanodontians, retains three functional toes, 
with three digits. The metatarsal presents are: II, III, and IV (Horner et al., 2004; Prieto-
Marquez, 2010). 
 
 
Fig. 1.2.11: Pelvic girdle in lateral view of Gryposaurus incurvimanus (A) and Corythosaurus 
casuarius (B). Scale bar: 20 cm. From Horner et al., 2004 
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1.3 Ornithopods in Portugal: history of discoveries 
 
Ornithopod remains have been known in Portugal since the late 19th century. The very 
first reports are ascribed to Sauvage (1898), who described fragmentary dental material and 
part of an appendicular skeleton referred to Iguanodon mantelli (= Mantellodon carpenteri) and 
I. prestwichii (= ‘Cumnoria’ prestwichii), coming from Boca do Chapim and Porto de Mos 
localities. The specimens proceed from the Lower Cretaceous Papo-Seco Formation, a 
succession constituted by lagoonal and transitional deposits (Figuereido et al., 2016). 
Recently, new iguanodontian material from Papo-Seco Fm. was reported (Figuereido et al., 
2015) consisting of both cranial and post-cranial material. In the lower part of the same 
succession, a large footprint is ascribed to Ornithopoda (Figuereido et al., 2017). 
Guimarota Mine lignites yielded a rich fossiliferous assemblage, providing significant 
insights on the structure of Late Jurassic ecosystems (Martin & Krebs, 2000). Among the 
dinosaurian fauna, in 1973 Thulborn erected the species Phyllodon henkeli, a small 
ornithischian which appears to be closely related to Drinker nisti and Othnielosaurus rex from 
Morrison Formation according to Martin & Krebs (2000). Rauhut (2001) revised a large sample 
of herbivorous dinosaur material from Guimarota. He reported over 100 teeth and a 
fragmentary dentary ascribed to Phyllodon, proposing a diagnosis of the species based on the 
arrangement and proportion of tooth ridges. Along the Phyllodon material, Rauhut (2001) 
reported three dentary teeth belonging to indeterminate iguanodontians. Close to Guimarota, 
from Pedrògao locality, Thulborn (1973) instituted the species Alocodon kuehnei based on 
isolated teeth. 
Most of the vertebrate material dated to Late Jurassic in Portugal comes from the 
outcrops of Lourinhã Formation (Mateus & Antunes, 2001). In 1973 Thulborn established 
Trimucrodon cuneatus and reported the presence of cf. Hypsilophodon from Porto Dinheiro 
locality. Hypsilophodon was later reported also by Galton (1980) from Praia da Areia Branca. 
Mateus & Antunes (2001) describe the first iguanodontian species from Portugal: Draconyx 
loureiroi, from Vale de Frades locality, Lourinhã municipality. The holotype (ML 357) is 
constituted by two maxillary teeth, two mid-anterior caudal centra, one chevron, one manual 
phalanx, three ungual manual phalanges, distal epiphysis of the femur, epiphyses of tibia and 
fibula, astragalus and calcaneum, three tarsals, four metatarsals and pedal phalanges. ML 
434, an isolated femur from Praia do Caniçal, was subsequently attributed to this species. 
Draconyx loureiroi was ascribed to Camptosauridae by Mateus & Antunes (2001) based on 
the presence of a prominent vertical ridge on the distal side of labial crown of maxillary teeth, 
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a strongly bowed femur displaying prominent lesser trochanter. It is distinguished from 
Camptosaurus dispar in having the medial condyle of the femur without a lateral projection on 
the flexor groove; lateral condyle of the femur wider mediolaterally than long anteroposteriorly; 
a vestigial first pedal digit and absent pedal digit V. Given the fragmentation of the holotype, 
Draconyx loureiroi was excluded by recent revisions of basal iguanodontian taxonomy 
(McDonald, 2011; 2012, Carpenter & Lamanna, 2015) being regarded as wildcard.  
Other putative ankylopollexian ornithopods were reported by Escaso (2014) in his doctoral 
dissertation, in which he refers some isolated remains (SHN 015) to a taxon close to ‘Uteodon’ 
(= Camptosaurus) aphanoecetes. 
Escaso et al., (2014) erected the first dryosaurid species from Portugal, 
Eousdryosaurus nanohallucis, recovered from Porto das Barcas locality. The holotype (SHN 
170) is constituted by a partial skeleton which includes nine proximal caudal vertebrae, the left 
ilium, right femur, proximal epiphysis of left femur, left tibia, left fibula, left astragalus, left 
calcaneum, left distal tarsals, and a complete left pes. The identification of Eousdryosaurus 
nanohallucis as dryosaurid is supported by the presence of a proximally placed 4th trochanter 
and an insertion scar of the M. caudifemoralis longus restricted to medial surface of femoral 
shaft and widely separated from the 4th trochanter. Escaso et al., 2014 in their phylogenetic 
analysis found a close relationship between Eousdryosarus, Dryosaurus, Callovosaurus and 
Kangnasaurus, while Dysalotosaurus, Elhrazosaurus and Valdosaurus are resolved in a 
different clade. The most notable characteristic of Eousdryosaurus nanohallucis is the anatomy 
of its pes, which displays a phalangeal formula of 1-3-4-5-0, showing a reduction of the number 
of phalanges in the first digit, being incongruent in the general trend present in Ornithopoda.  
1.4 Geological framework: Late Jurassic of Portugal                                                            
 
Portugal yields one of the richest and most diverse Late Jurassic vertebrate 
assemblages of all Europe. Generally, the Portuguese faunas (including ornithopods) show 
affinities with the ones recovered from the Morrison Formation, USA and Tendaguru Beds, 
Tanzania (Mateus, 2006). The main concentration of fossiliferous beds is located in the 
Lusitanian Basin, a meso-cenozoic sedimentary basin which occupies an area of 20.000 km² 
in the central part of the oriental Iberian border (fig. 1.4.1) (Kullberg et al., 2014). The Lusitanian 
Basin ranges from the Aveiro Fault southward to the Arrabida Fault and it is subdivided in three 
main sectors: northern, central and southern (Kullberg et al., 2014).  The central sector is 
delimited north by the Nazarè Fault and south by Lower Tagus Fault (Kullberg et al., 2014). In 
this sector, the two main lithostratigraphic units which span through the uppermost Jurassic 
are the Alcobaça Formation and Lourinhã Formation (Taylor et al., 2013; Kullberg et al., 2014; 
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Mateus et al., 2017). Alcobaça Formation consists of a succession of marls, sandstones and 
limestones; representing shallow marine and transitional environments (Mateus et al., 2017).  
 
 
 
  
Fig. 1.4.1: A, General view of the Iberian Peninsula and study area, Google Satellite Pictures; B, general 
geological map around Lourinhã area, Mateus, 2006; C, structural map of the Lusitanian Basin, 
Henriques & Canales, 2013; D, Geographical and stratigraphical settings of the material here reported, 
Mateus et al., 2017. Stars represent the localities of provenence of the holotypes of Draconyx loureiroi 
and Eousdryosaurus nanohallucis. 
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Most of the vertebrate material comes from the central sector of the Lusitanian Basin, 
in particular from the Lourinhã Formation (Antunes & Mateus, 2003), which ranges in an area 
of approximately 5001 km² around Lourinhã municipality (Mateus, 2006). This complex 
lithostratigraphic unit is composed by a succession of mudstones and sandstones, 
representing braided fluvial systems, alluvial fans and upper deltas, with the occasional 
presence of shallow marine sediments (Mateus et al., 2014). The stratigraphical subdivision of 
Lourinhã Fm. has been revised several times since its definition (Hill, 1988, 1989; Manuppella, 
1996, 1998; Manuppella et al., 1999; Taylor et al., 2013). The material presented in this work, 
was collected during the last two decades from the following localities: Porto Dinheiro, Porto 
das Barcas, Peralta, Zimbral and Vale Frades. The exact stratigraphical procedence of each 
specimen was not recorded in the museum collection catalog, only including notes on the 
formation and member where the fossils come from. Volunteers that collected the specimens 
have been contacted in an attempt to recover this information and improve the museum 
records, but this work is still ongoing. Thus, all the stratigraphic procedence is here discussed 
at the member level. The members cropping out in the aforementioned localities are two: Praia 
Azul member (Hill, 1988, 1989; Porto das Barcas member sensu Taylor et al., 2013) and Porto 
Novo/Praia da Amoreira members (São Bernardino sensi Taylor et al., 2013). In this work, it is 
followed Mateus et al., (2017) in considering Porto Novo/Praia da Amoreira as two sub-
divisions of the same unit. 
Porto Novo/Praia da Amoreira members - they are the two oldest units in Lourinhã Fm. 
The base is marked by the transition of the brackish water facies of the Alcobaça Fm., and the 
top is marked by the first bioclastic carbonated layer of Praia Azul Member (Taylor et al., 2013). 
Along the Lourinhã coastline, these units crop out from north of Santa Cruz until Areia Branca 
locality, and in São Bernardino locality. This stratigraphical arrangement, is due to the 
presence of a syncline with the axis located at Areia Branca (Taylor et al., 2013). These two 
members are characterized by a percentage of sand which ranges from 34 to 44% (Taylor et 
al., 2013), being mud more abundant in Praia da Amoreira member (lower part of São 
Bernardino member) reaching up to 60% in percentage (Mateus et al., 2017). These two 
members are dominated by deposits of meandering fluvial channels (Hill, 1988,1989; Taylor 
et al., 2013; Mateus et al., 2017), red-brown mature paleosols (Taylor et al., 2013). As a whole, 
these units are constituted by fluvial channels sands, calcrete-bearing floodplain muds with 
occasional massive and fine sand lenses (Taylor et al., 2013; Mateus et al., 2017). The channel 
infillings show a dominant granitic source (Taylor et al., 2013; Mateus et al., 2017), especially 
at the base of these members. Soft sediment deformation is common, and locally deep fissures 
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are present (Taylor et al., 2013; Mateus et al., 2017). Crevasse splay deposits are common 
(Mateus et al., 2017), and often bear vertebrate remains. The most abundant ichnofossil are 
Taenidium barrettii and Planolites montanus, with the former more abundant in sand bodies, 
while the latter occurs equally in sand and laminated muds (Taylor et al., 2013). The 
environment represented by these two members be is interpreted to be either the distal mudflat 
of alluvial fan, or braided river system for Praia da Amoreira mb., and distal fluvial to upper 
deltaic for Porto Novo mb. (Mateus et al., 2017). From these units, a diverse ornithopod faunal 
assemblage is resported, incuding cf. Hypsilophodon, Trimucrodon (Mateus et al., 2017), 
Ankylopollexia and Dryosauridae. (Escaso, 2014) and the holotype of Eousdryosaurus 
nanohallucis (Escaso et al., 2014). 
Praia Azul member - crops out south to Areia Branca syncline (Taylor et al., 2013) near 
Santa Cruz locality, and from Porto Dinheiro to Paimogo localities. It lies directly on top of Porto 
Novo/Praia da Amoreira members. Northward in respect to Areia Branca syncline, Praia Azul 
member crops out in the locality of Vale Frades and Vale Pombas (Taylor et al., 2013). The 
main characteristic of this unit are three laterally extensive carbonated bioclastc layers, which 
extend for the entirety of the member (Hill, 1988; Taylor et al., 2013; Mateus et al., 2017). The 
type section was recognized by Fürsich (1981) in Praia Azul locality, in which he noted a 
sequence of grey mudstones cut by lenticular, cross bedded channel sands, and reddish 
mudstones bearing calcareous nodules (paleosols). Ichnofossils, ascribed to the genus 
Thalassinoides, indicate the presence of crustaceans (Hill, 1988). The percentage of sands is 
lower respect to the underlying Porto Novo/Praia da Amoreira member, being estimated 
around 12% to 25% (Taylor et al., 2013). The percentage of sands rises from south to north 
(Taylor et al., 2013). The base of this unit is considered the first carbonated bioclastic unit, 
while the upper boundary is defined by the third and last carbonated bioclastic unit (Taylor et 
al., 2013; Mateus et al., 2017).  From this member, Draconyx loureiroi holotype was recovered 
and other indeterminate ornithopods were reported (Mateus et al., 2017).  
Assenta member/Santa Rita member – this lithostratigraphic unit consists mainly of 
mudstones with numerous pedogenic carbonated concretions, intercalated by levels of cross-
bedded sandstones. The sandstone elements include from large scale point bars, to flat tabular 
lenses crevasse and levees bodies.  Frequent are carbonaceous remains and pyritized trunks. 
Slumps and load-casts are the most recurrent deformation structures. The Assenta mb. is 
overlayed by the Porto da Calada Formation. The age of Assenta mb. is estimated spanning 
from Tithonian to lowermost Barresian. Escaso (2014) reports some dryosaurid material from 
Cambelas locality, located in this unit.  
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Beside Lourinhã Formation, one of the most productive sites for Jurassic vertebrates is 
the Guimarota mine, located in the Leiria district. Being dated from Oxfordian to Kimmeridgian 
(Mohr 1989; Krebs, 1991; Helmdach, 1971), this coal deposit yielded a diverse faunal 
assemblage, comprising dinosaurs, mammals, reptiles and amphibians. The fossiliferous beds 
are assigned to Alcobaça Formation, which is in part equivalent to Lourinhã Fm., although 
Alcobaça has a more marine participation. The environment is interpreted to be a swamp (van 
Erve & Mohr, 1988). Among ornithischian dinosaurs, Thulborn (1973) reported some teeth 
material on which he instituted Phyllodon henkeli.  Other indeterminate iguanodontians are 
reported from Rauhut (2001). 
 
Most of the material discussed here (ML 768, ML  2304, ML 2305, ML 2055, ML 505, ML 818, 
ML 814, ML 962, ML 2303, ML 957, ML 2321, ML 2294) comes from Praia Azul mb. ML 2206 
was recovered from Santa Rita mb., while for ML 563 no precise indication was reported 
(fig.1.4.1).  
Fig 1.4.2: Upper Kimmeridgian outcrops at Vale Pombas, fluvial channel sandstone body within 
floodplain and crevasse-splay deposits (A); bottom: coastal cliff west of Paimogo (B). White 
dashed line marks the transition between Porto Novo mb. (below) and Praia Azul mb. (above). 
From Mateus et al., 2017. 
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1.5 Objectives 
 
The present work aims to review and describe the material presented here. The 
obectives include:  
 To provide an updated anatomical descriptions of ML material. 
 Assess its inter-relationships, via direct comparison and phylogenetic analysis. 
 Elucidate, when possible, aspects of the paleobiology of the specimens here 
discussed, with enmphasis on ontogeny. 
 Discuss the material in a biogeographical context, assessing the relevance of 
Portuguese fauna for events of dispersal and vicariance of ornithopods during 
the Late Jurassic. 
2. Material and methods 
Here we report and describe unpublished material currently housed at Museu da 
Lourinhã (ML), Lourinhã municipality (Tab.2.1). The holotype of Eousdryosaurus nanohallucis 
(SHN 177), housed at Sociedade de Historia Natural in Torres Vedras municipality was 
studied. Nomenclature follows Galton (1981,1983), Weishampel (1984) and Norman (1980, 
1986). Further photographic comparison was carried out using photographic material provided 
by Octávio Mateus, Dryosaurus:  CM 3392; CM 11340; CM 21786; NHM 723, NHM 724, NHM 
725; NMNH 812. Institutional abbreviations: CM, Canregie Museum; NHM, National History 
Museum. For descriptive measurements, see annexes I-II. 
 
Inventory number Material Provenance 
ML 768 Right dentary Zimbral, Lourinhã 
ML 1851 Parietal Peralta, Lourinhã 
ML 2304 Dentary tooth Peralta, Lourinhã 
ML 2305 Dentary tooth Zimbral, Lourinhã 
ML 2055 Femur and Tibia Zimbral, Lourinhã 
ML 505 Tibia Vale Pombas, Lourinhã 
ML 563 Femur Lourinhã 
ML 2321 Neural arches Porto Dinheiro, Lourinhã 
ML 818 Right Dentary Vale Frades, Lourinhã 
ML 2206  Coracoid Lourinhã 
ML 814 Dentary/Maxillary teeth Porto das Barcas, Lourinhã 
ML 962 Dentary tooth Porto da Barcas, Lourinhã 
ML 2303 Dentary/Maxillary teeth Valmitão, Lourinhã 
Tab. 2.1: Material here discussed and relative provenance  
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ML 957 Maxillary tooth Zimbral, Lourinhã 
ML 2294 Dentary tooth  Porto Dinheiro, Lourinhã 
 
In order to assess their phylogenetic relationships, ML 768, ML 2055, ML 563, ML 505 
and ML 818 were included in matrix of Dieudonné et al. (2016). A heuristic search of 1000 
replicates holding 10 trees per replicate was performed for each of the multiple analysis carried 
(see section 3.2 for further details). The analyses were carried out in TnT, version 1.5. 
(Goloboff et al., 2008). 
Dryosaurus altus was scored as follows, based on literature (Galton, 1981, 1983) and 
photographs: Ch. 251:1, 252:1, 253:1, 255:0, 257:1, 258:0, 259:1, 260:1, 261:0. 
Dysalotosaurus lettowvorbecki was scored as follows, based on literature (Janensch, 1955; 
Galton, 1981, 1983; Hübner, 2018) and photographs: Ch. 250:1, 252:1, 253: 2, 258:0, 259:1). 
The complete data matrix used in the phylogenetic analysis is in annex III. 
In order to estimate the ontogenetic stage of ML 2055, ML 563 and ML 505 a Principal 
Component Analysis (PCA), following the methodology described by Hammer & Harper 
(2006). The ML specimens were incorporated in a sub-set of the dataset of Hübner (2018), 
estimating post-cranial ontogenetic allometric variation into a population of Dysalotosaurus 
lettowvorbecki. Dysalosaurus is a good term for comparison due to (1) phylogenetic proximity 
to the material here presented and (2) the high number of specimens recovered at various 
ontogenetic stages recovered from Tendaguru Beds Fm. (Janensch, 1955; Galton, 1981, 
1983; Hübner 2012, 2018). In particular, the dataset is composed by linear measurements of 
post-cranial elements. Here, all the variables directly measurable on the specimens for the 
femora and tibia were taken (see Hübner, 2018 Supplementary Material for further 
explanation). Since allometric variation is described by a power function, the data was log-
transformed before PCA to explore morphometric linear relationships of the variables 
measured (Hammer & Harper 2006). Also due to the geometric growth of the bone, Geometric 
Mean (GM) was calculated for every specimen based on the available measurements, being 
therefore a reliable proxy for size (Klingenberg, 1996).  See annexes from IV to IX for details 
of the morphometric dataset, PCA loading scores and Bivariate Linear Model. PCA and 
Bivariate Linear Models were calculated with PAST v.3 (Hammer et al., 2001). 
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3.Results  
 
3.1 Systematic Palaeontology 
 
Dinosauria Owen, 1842 
Ornithischia Seeley, 1887 
Ornithopoda Marsh, 1881 
Iguanodontia Sereno, 1986 
Dryosauridae Milner and Norman, 1984 
Aff. Eousdryosaurus nanohallucis Escaso et al., 2014 
Figs.3.1.1-3.1.6 
  
Description  
Cranial skeleton 
Parietal (fig. 3.1.1) 
ML 1851 is 18 mm in length and 22 mm in width and sub-triangular in shape, wider 
than long, with the right lateral half fractured. The contact with the frontals, is W-shaped, 
presenting an interdigitated suture as seen in Dysalotosaurus (Janensch, 1955). Laterally, a 
ventrally arched parietal process is preserved, showing a smooth surface, as seen in 
Dysalotosaurus (Janensch, 1955; Galton, 1983: Hübner & Rauhut, 2010). Posteriorly at the 
mid line, the crest of the two lateral processes encase a deep notch. In the midline of the notch, 
the proximal-most part of the nuchal rim is distinguishable although slightly eroded. The ventral 
surface is slightly curved, anteriorly a deep pit flares until the terminal edge of the bone. Two 
small notches are present towards the midline of this pit.  
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Fig. 3.1.1: Dryosauridae parietal ML 1851 in dorsal (A-C) and ventral view (B-D). Abbreviations: f: 
foramina, lp: lateral process, nu: nuchal rim, pn: posterior notch. Peralta, Lourinhã. 
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Dentary (fig.3.1.2) 
ML 768 is a fragment of a right dentary bone (length: 30 mm, height: 7 mm, latero-
medial thickness: 8 mm), fractured on both caudal and rostral ends, first reported by Mateus 
(2007) as aff. Dryosaurus sp.  It preserves fifteen close-packed alveoli (grouped in seven pairs 
and one isolated, two erupting teeth and six roots. In dorsal view, it is sinuous in shape and 
the medio-lateral section is slightly concave-convex. The lateral surface is smooth, bearing 
seven visible foramina on two different levels. On the medial surface, a deep Meckelian sulcus 
runs for the entire length of the tooth-row. The margins of the sulcus are neat and straight. 
Caudally, on the medial surface, and dorsally with respect to the Meckelian sulcus, the splenial 
contact is preserved exhibit a highly dense capillary vascular system. The preserved teeth are 
diamond-shaped, with a rounded apex. Numerous apicobasally extended ridges are 
distributed on the lingual surface of the tooth-crown. The margin of the crown possesses 
various well-developed tongue-shape denticles, which are more numerous than the crown 
ridges. The primary ridge is positioned towards the midline of the crown, but slightly distally 
offset, resembling the condition seen in some teeth of Dryosaurus altus and Dysalotosaurus 
lettowvorbecki (Janensch, 1955; Galton, 1981; Hübner & Rauhut, 2010). 
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Fig. 3.1.2: Dryosauridae dentary ML 768 in medial (A), dorsal (B), lateral (C) and ventral view (D). 
Abbreviations: mks: Meckelian sulcus, pr: primary ridge, spc: splenial contact, sr: secondary ridge. 
Zimbral, Lourinhã. 
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Isolated dentary teeth (fig. 3.1.3) 
ML 2304 and ML 2305 are two dentary teeth with high degree of crown-wearing and 
root-resorption. No cingulum is present in the contact between the root and the crown, which 
is distinctive of Dryomorpha (Galton, 2006; Carpenter & Galton, 2018). On the lingual surface 
two thick partially preserved main ridges are distinguishable, being sub - equal in size. The 
veneer of enamel is present just on the lingual surface, with the labial surface occupied by a 
slightly concave occlusal surface. An apico-basal extended resorption pit flares from the root-
base. The mesial and distal sides present contact facets.   
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Fig. 3.1.3: Dryosauridae isolated dentary teeth ML 2304 (A-E) and ML 2305 (F-J). A, F: 
lingual view; B, G: labial view; C,H: basal view; D,I: mesial/distal. Abbreviations: if: 
interdental facets; os: occlusal surface; pr: primary ridge; rs: resorption pit, sr: secondary 
ridge. Respectively, Peralta and Zimbral, Lourinhã. 
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 Axial skeleton  
Neural arches (fig. 3.1.4) 
ML 2321 includes two small dorsal vertebrae neural arches, which are fractured and 
subsequently restored. One is complete, with both transverse processes compldgd (Height: 
22 mm, Width: 51 mm) and missing part of the neural canal.  The other element preserves just 
the right transverse process (Height: 19 mm, Width: 35 mm). The specimens show a low 
degree of distortion, due to taphonomic processes. The neural spine is short and blade like, 
from both lateral surfaces depart two short and slightly arched transverse processes. 
Anteriorly, two lobed prezygapophyses are present, positioned at about 45° respect to the 
horizontal, as in Valdosaurus, Dryosaurus and Dysalotosaurus (Galton, 1981; Barrett et al., 
2011). Posteriorly to the prezygapophys, prezygapophyseal lamina (PRPL) and the anterior 
centroparapophyseal lamina (ACPL) form a small notch. On the transverse processes, the 
diapophyses are broken towards the distal edge, showing a sub-triangular transverse section 
as seen in Valdosaurus. The parapophyses, located ventrally to the diapophyses shaft, are 
constrained in the proximal half of the transverse process. Ventral to the parapophyses, on the 
lateral sides of the neural arches, a shallow depression is present. The two postzygapophysis, 
lobed as the prezygapophysis, show the same degree of inclination respect to the horizontal. 
On the posterior side, wider and deeper notches, in comparison to the notches present on the 
anterior side, are constituted by the postzygodiapophyseal lamina (PODL), posterior 
centrodiapophyseal (PCDL) lamina and centropostzygapophyseal (CPOL) lamina. The same 
structure is seen in Valdosaurus. Ventrally, the two sides delimitating the neural canal, present 
a rugose surface, indicating a incomplete fused condition. 
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Fig. 3.1.4: Dryosauridae neural arches ML 2321 in A,E: dorsal view; B,F: ventral view; 
C,G: posterior view; D, H: anterior view. Abbreviations: acpl: centroparapophyseal 
lamina; cpol: centropostzygapophyseal lamina; pcdl; posterior centrodiapophyseal; 
podl: postzygodiapophyseal lamina; poz: post zygoapophysis; prz: prezygoapophisis. 
Porto Dinheiro, Lourinhã. 
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Appendicular skeleton 
 Femora (fig. 3.1.5) 
ML 563 is a broken and reconstructed left femur. The proximal and distal ends are 
slightly eroded and fractured. The shaft is bowed anteriorly. The proximal epiphysis partially 
preserves the femoral head, which is separated posteriorly by a shallow depression (inter-
trochanteric fossa) from the great trochanter. A broken blade-like surface which represents the 
base of 4th trochanter is located in the proximal half of the shaft. Medially, a taphonomically 
collapsed surface represents the scar of the insertion of M. caudofemoralis. The 
aforementioned characters are diagnostic of Dryosauridae (Butler et al., 2008; Barrett et al., 
2011; Escaso et al., 2014; Boyd, 2015, Dieudonné et al., 2016). The distal epiphysis includes 
both two condyles, with the medial larger than the lateral, divided anteriorly by a shallow 
extensor intercondylar groove and posteriorly by a deep flexor grove. The medial condyle is 
square shaped and straight, while the lateral presents a slightly inclined anterior edge, and a 
conspicuous finger-like posterior process.  
ML 2055 is a right femur, measuring 250 mm in total length. The femoral outline is 
bowed anteriorly, being thick and robust in general proportions. The section is sub-triangular 
in the proximal and mid part of the shaft, becoming more rounded towards the distal epiphysis. 
The proximal epiphyisis is heavily eroded and fractured, neither the femoral head nor the great 
and the lesser trochanter are preserved. Posteriorly, positioned towards the mid-shaft but 
slightly proximal, a blade – like 4th trochanter is present. Medially, the scar of the M. 
caudofemoralis juxtaposes to the base of the trochanter. As mentioned above, these 
characters are distinctive of Dryosauridae. Distally, the epiphysis has both condyles preserved, 
divided anteriorly by a well distinguishable and shallow extensor groove, and posteriorly by a 
deeper flexor groove. Dryosaurids show a variably deep flexor and extensor groove, both intra-
specifically (Galton, 1981; Hübner, 2018), and inter-specifically (see, for instance femora 
assigned to Valdosaurus, Dryosaurus, Dysalotosaurus, Elrhazosaurus in Galton, 1981, 2009; 
Barrett et al., 2011). The lateral and medial condyle are sub equal in size, being the first square 
shaped and the latter rounded and posteriorly extended, as seen in Valdosaurus, Dryosaurus, 
Dysalotosaurus (Galton, 1981, 2009; Barrett et al., 2011). This differs from the condition seen 
in Camptosaurus and Draconyx loureiroi, in which the medial condyle is sensibly bigger than 
the lateral one, and the latter does not extend posteriorly (Galton & Powell, 1980; Mateus & 
Antunes, 2001). The lateral condyle displays also a well-developed and conspicuous posterior 
finger-like process, which constitutes the insertion for the M. femorotibialis. 
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Fig. 3.1.5: Dryosauridae femora ML 2055 (A-F) and ML 563 (G-L) in A, G: anterior view; B,H: lateral 
view; C, I: medial view; D,J: posterior view; E, K: distal view; F,L: proximal view.  Abbreviations: 4th: 
fourth trochanter, eg: extensor groove, fg: flexor groove, fh: femoral head; gth: great trochanter; lc: 
lateral condyle; mc: medial condyle; mcl: scar of M. caudofemoralis. Zimbral, Lourinhã. 
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Tibiae (fig.3.1.6)  
ML 505 is a heavily eroded and broken right tibia, measuring 235 mm in total length. 
The proximal epiphysis is preserved, exhibiting a conspicuous cnemial crest, a well-developed 
fibular condyle, and a small inner condyle. The cnemial crest possess a concave lateral edge, 
and a convex medial edge. It is divided from fibular condyle by a rounded surface (contrary to 
Valdosaurus, Barrett et al., 2011). The inner condyle points latero-posteriorly, being divided by 
the fibular condyle by a narrow sulcus. The mid-shaft section is sub triangular in cross section, 
being flattened laterally and pointy medially. A conspicuous crest departs from the distal-most 
part of the shaft (similar to Eousdryosaurus holotype, although this condition may be a 
reconstruction artifact). The distal epiphysis does not preserve any visible features, just the 
size of the two malleoli which are sub-equal in size.   
ML 2055 right tibia, associated to ML 2055 femur is fractured and restored by epoxy, 
measuring 220 mm. The proximal end is laterally distorted and fractured, lacking completely 
the proximal epiphysis. The section of the mid-shaft is rounded, presenting a small crest on 
the lateral side. The distal epiphysis preserves both malleoli, and in anterior view they exhibit 
a highly rugose surface. A deep sulcus, ranges for most of the surface area of the lateral 
malleolus. The medial malleolus possesses a less extensive notch. In distal view, the two 
malleoli are arranged to form a 90°degrees-angle respect to one another. 
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Fig. 3.1.6: Dryosauridae tibia ML 505 (A-F): A, anterior view; B, lateral view; C posterior view, D, medial view; 
E, proximal; F, distal. Dryosauridae tibia ML 2055 (G-K): G, anterior view; H, posterior view; I, lateral view; J, 
medial view. Abbreviations: cnc: cnemial crest, ic, inner condyle, fc: fibular condyle, lm: lateral malleolus, mm: 
medial malleolus. Resectively Vale Pombas and Zimbral, Lourinhã. 
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 Ankylopollexia Sereno, 1986 
Aff. Draconyx loureroi Mateus & Antunes, 2001 
Figs. 3.1.7 – 3.1.10 
 
Description 
Cranial skeleton  
Dentary (fig. 3.1.7) 
ML 818 is partial and broken right dentary at both anterior and posterior extremities. In 
general, the bone appears stout and compact, being heavily eroded towards the anterior-most 
part. The dorsal and ventral margin appear to be sub-parallel to one another. The tooth row 
preserves ten, possibly eleven, distinguishable alveoli, encased in a parapet-like shelf, being 
smoothly arched medially. Dentary teeth are not preserved and the tooth-sockets do not show 
any interdental plate.  
On the medial side, dorsally to the Meckelian sulcus, a longitudinally striated surface extends 
almost to the anterior end of the specimen. Two other bones may articulate to this surface: 
splenial and pre-articular. No difference in rugosity is observed to tell the two different areas 
apart.   
On the lateral surface a small coronoid process projects postero-medially in respect to the 
tooth-row and it is inclined about 30° in respect to the horizontal, being more acute in respect 
to the condition seen in Camptosaurus. The contact with the surrangular is placed in 
correspondence of the 4th alveoulus, being more anteriorly placed in respect to Camptosaurus 
(Gilmore, 1909). Two nutrient foramina are located on the marginal shelf of the tooth row 
(Gilmore, 1909; Carpenter & Wilson, 2008; Carpenter & Lamanna, 2015). 
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Fig.3.1.7: Ankylopollexia dentary ML 818(A-F): A, D medial view; B, E lateral view; C, F dorsal view. 
Abbreviations: al, alveoli; cp: coronoid process; mks: Meckelian sulcus; nf: nutrient foramina. Vale Pombas, 
Lourinhã. 
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Dentary Teeth (fig. 3.1.8) 
Dentary teeth exhibit variable grade of wear and fracturing; being taller than wide, 
exhibiting a general sub-hexagonal outline, in un-worn condition. The least worn-out tooth is 
ML 2294, which preserves the enamel on the lingual surface, with well- distinguishable 
denticles and ridges. Ten hook-like denticles are present on both mesial and distal margin of 
the crown, while on the apical part of the tooth (comprised between the two shoulders) there 
are nine. Two main ridges divide unequally the tooth crown, being the primary sensibly larger 
than the secondary. The two ridges are separated by a shallow depression; being the primary 
offset respect the apico-basal axis. Tertiary ridges distribute all over the crown, according a 
divergent pattern. The crown of ML 2294 is irregularly fractured along transversal plane. The 
labial surface is slightly curved in mesial/distal view, the enamel is absent. 
ML 862 presents more of wearing, although the entirety of the tooth is preserved. On 
the enamelled lingual surface, small portions of the primary and the secondary ridges are 
preserved. No denticles or tertiary ridges are distinguishable. On the lingual surface an 
occlusal surface is present, inclined lingually about 30° with respect to the horizontal. The root 
is squared in cross section, and shows a high degree of resorption. The mesial and distal sides 
present concave and convex surfaces, respectively, accordingly to an en enchelon teeth 
arrangement in the jaw. The same general description is valid for ML 814.7, being this 
specimen just smaller in dimensions. ML 814.5 present a rounded outline on the labial surface. 
On the lingual side, the ridges are not clearly visible. The root is heavily resorbed, but still 
present and distinguishable. 
ML 814.6 and ML 2303.1 represent the most extreme grade of wearing in the sample. 
ML 814.6 and ML 2303.1 are the lowest in mesio/distal profile, being almost planar. No clear 
separation between the crown and the root is observable. ML 814.6 on the lingual side 
preserves a small portion of the primary ridge, the root is completely absent; ML 2303.1 
preserves the very terminal ends of the primary and secondary ridges. The occlusal plane is 
sub-horizontal. 
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Maxillary teeth (fig. 3.1.9) 
Maxillary teeth exhibiting a variable degree of wear, as in the case of the dentary teeth. 
The least worn and broken specimen, is   taller than wide, having a sub-triangular shape. In 
the present sample, ML 2303.3, a transversely fractured tooth crown, is the least worn-out. 
The labial surface presents a thick primary ridge, which divides unequally the crown. In the 
distal part surface respect to the primary ridge, a set of five parallel secondary ridges is present. 
The apical part of the crown is dominated by a wide occlusal surface inclined labially. The 
lingual surface bears no enamel, instead a deep resorption pit is present extending apico-
basally. 
ML 814.1 and ML 814.9, present a higher degree of wear. ML 814.9 possess higher 
root than ML 814.1; on the labial surface the crown is highly worn out and eroded; the primary 
ridge is not well distinguishable. On the contrary, ML 814.1 has a very resorbed root, and a 
very elongated crown. Despite the grade of wearing the primary ridge is still distinguishable. 
Both ML 814.1 and ML 814.9 do not possess secondary ridges; the mesial and distal margins 
possess a thickened margin. The apical parts of both teeth present a well-defined occlusal 
surfaces, inclined labially. The mesial and distal side are respectively concave and convex. 
Fig. 3.1.8: Stages of dental wear in ankylopollexian dentary teeth, from unworn (A, ML 2294), to medium 
(B, 814.5) to heavily worn out (C, 814.6).  Note the progressive disappeaence of dental features. Scale: 
2 mm.  Abbreviations: os: occlusal surface; pr: primary ridge; rs: resorption pit, sr: secondary ridge. 
Porto Dinheiro, Porto das Barcas, Lourinhã. 
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The lingual surface is dominated by an extensive resorption pit which ranges from the base of 
the root to the apical part of the crown, presenting a complex topography. ML 2303.2 is slightly 
more worn-out tooth. The crown along very low in apico-basal axis, the enamel surface is 
barely distinguishable on the area where a small part of the primary ridge is still present. The 
root is high, respect to the general dimensions of the tooth, although is clearly resorbed in its 
basal part. The apical part presents, as in the cases mentioned above, a labially inclined 
occlusal surface. The resorption pit is less deep in this specimen. 
ML 814.8, ML 814.2 and ML 957 are the specimens which show the highest degree of 
wearing, within this particular morphology. ML 814.8 and ML 814.2 both have a low apico-
basal axis, with a very worn out and eroded crown, and highly resorbed root. The primary ridge 
and the root and mesial and distal margin are preserved. The lingual concavity is more squared 
in these two specimens. In ML 814.2 the apical occlusal surface has been obliterated by a 
fracture. ML 957 consist of the majority part by the root, the crown and enamel is present just 
the apical-most part, making a thickened shelf.  
 
 
 
 
 
 
 
 
 
Fig. 3.1.9: Stages of dental wear ankylopollexian maxillary teeth, from unworn (A, ML 2303.3), to medium 
(B, ML 814.1) to heavily worn out (C, ML 814.2).  Note the progressive disappeaence of dental features. 
Scale: 2 mm.  Abbreviations: os: occlusal surface; pr: primary ridge; rs: resorption pit, tr: tertiary ridge. 
Valmitão, Porto das Barcas, Lourinhã. 
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Appendicular skeleton  
Coracoid (fig. 3.1.10) 
ML 2206 is a complete left coracoid, with the marginal sides slightly eroded. It is sub-
rectangular in shape, and bowed medio-laterally. The glenoid surface is slightly convex, and 
the scapular surface slightly concave. The coracoid foramen is located dorsally, the dorsal and 
ventral margin are strongly concave, with the latter being more deeply arched. The foramen is 
enclosed anteriorly, while it is open along scapula-coracoid suture as in Iguanodon, 
Mantellisaurus and derived iguanodontians (Gilmore, 1909; Norman, 1980, 1986). With 
derived iguanodontians shares also the ratio of width and length falling between 70% and 
100% (Dieudonné et al., 2016). The sternal process is wide and broad, a plesiomorphic 
condition within Ornithopoda (Weishampel et al., 2003) 
ML 2206 does not present any distinguishable character with respect to the variability 
shown from other camptosaurid such as ‘Cumnoria’, Camptosaurus and ‘Uteodon’ (Dodson, 
1980; Carpenter & Wilson, 2008) and other iguanodontians in general.  
 
 
 
 
Fig. 3.1.10: Ankylopollexia coracoid ML 2206 in anterior (left) and posterior (right) view. 
Abbreviations: cf, coracoid foramen; cl, coracoid labrum; gf: glenoid facet; sf: scapula facet.  
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3.2 Phylogenetic analysis 
 
Seven different phylogenetic analyses were carried out. Each coded element was separately 
included in the matrix of Dieudonné et al. (2016). Subsequently, Eousdryosaurus nanohallucis 
holotype was added and analysed along with the ML material altogether. additionally, a 
composite taxon consisting of Eousdryosaurus nanohallucis holotype plus ML material 
attributable to dryosaurids was created in order to assess the robustness of the previous 
phylogenetic results and to explore the possibility of assigning the ML material to 
Eousdryosaurus nanohallucis. All the topologies recovered here do not differ substantially from 
the topology presented by Dieudonné et al., (2016). The analysis of ML 768 resulted in 126 
MPTs (C.I. = 0,431; R.I.= 0,632) of 794 steps. In all of them ML 768 is recovered in a polytomy 
consisting of Dysalotosaurus lettowvorbecki, Dryosarus altus and Ankylopollexia. Pruned trees 
show that the position of ML 768 is either within Dryosauridae or at the base of Iguanodontia 
(fig. 3.2.1 A). The analyses of both ML 2055 and ML 563 resulted in 42 MPTs (C.I. = 0,431; 
R.I.= 0,631) of 794 steps (fig. 3.2.1 B and C). The strict consensus tree show ML 2055 and 
563 in a tricotomy with Dryosaurus altus and Dysalotosaurus lettowvorbecki. The analysis of 
Eousdryosaurus nanohallucis holotype plus all the ML specimens is consistent with the 
separate single analyses, with all the taxa resulting in a politomy within Dryomorpha in all 294 
MPTs, validating the previous analyses (C.I.= 0,427; R.I.= 0,635) and indicating a close 
relationship between Eousdryosaurus nanohallucis and ML specimens (fig. 3.2.2 A). The 
composite taxon formed by the ML specimens plus Eousdryosaurus nanohallucis holotype is 
nested within Dryosauridae (C.I. = 0,437; R.I.= 0,632), as sister of Dryosarus altus in all 42 
MPTs. This close affinity is consistent with the phylogenetic position recovered by Escaso et 
al., (2014) for the holotype of Eousdryosaurus nanohallucis (fig. 3.2.2 B). The analysis of ML 
818 resulted in 42 MPTs (C.I. = 0,431; R.I.= 0, 631) of 793 steps. In all of them, ML 818 was 
recovered in a tricotomy with Iguanodon bernissartensis and Camptosaurus dispar (fig. 3.2.1 
D).  
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Fig. 3.2.1: Strict consensus tree, with the inclusion of (A) ML 768; (B) ML 563; (C) ML 2055 
and (D) ML 818. (Nodes: 1: Iguanodontia, 2: Dryomopha, 3: Ankylopollexia, 4: Dryosauridae). 
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Fig. 3.2.2: Strict consensus trees of (A) all the ML specimens + Eousdryosaurus holotype and 
(B) the composite of ML specimens and E. nanohallucis holotype (Nodes: 1: Iguanodontia, 2: 
Dryomopha, 3: Ankylopollexia, 4: Dryosauridae).  
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3.3 Principal Component Analysis 
 
Two separate Principal Component Analyses were carried out, including the shaft 
element proportions of the sample, one for the femora (ML 2055 and ML 563) and one for the 
tibiae (ML 2055 and ML 505). The resulting scatter plot shows clearly that in both cases, the 
material here examined (red dot), falls within the range of variability of Dysalotosaurus 
lettowvorbecki population (fig. 3.3.1 and fig.3.3.2). 
  In the case of the femora, Principal Component 1 (PC1 fig. 3.3.1) explains 84% percent 
of variance present in the sample and it is influenced positively influenced equally by all the 
measured variables, being all the loading scores comprised between 0,25 and 0,35. According 
to Hammer & Harper (2006), when PC1 explains at least 80% of the variance present in the 
sample, in case of linear morphometric variables, it is safely assumed that PC1 represents the 
size variation of the sample. In order to asses if PC1 really represents the size variation of the 
sample, the geometric mean was calculated for all the measurements present in the dataset, 
and then a linear bivariate model was extrapolated between the geometric mean and PC1 
values. A strong correlation was found between the increasing geometric mean and PC1 
values. Therefore, PC1 is safely regarded as proxy of size variation of the sample. 
 Principal Component 2 (PC2 fig. 3.3.1) explains 5.82 of the variance and, contrary to PC1, 
two measured variables (22 and 30) are the ones which incise positively the most on PC2 
(respectively: 0,75 and 30). Variables 22 and 30 represent the variation in size of the flexor 
groove and the attachment surface for Musculus iliotibialis and all the flexor series. Notably, 
according to this analysis appears that to a bigger size does not correspond a bigger extensor 
groove.  
In the case of the tibiae the PC1 explains 76,42% of the variance present in the sample, 
and as in the case of the femora, it is influenced positively equally from all the measured 
variables, with loading scores ranging from 0,09 and 0,30. Although PC1 approximates up to 
80% of variance, the identity between size and PC1 is substantially weaker in this sample than 
in the previous case. As in the femora, the linear bivariate model between the PC1 and the 
geometric mean of the measurements found positive correlation between the two variates. 
 PC2 explains 8,7 % of variance present in the sample and it is mainly influenced positively by 
variables from 4-12 and negatively by 13-19. The variables 4-12 refer to the size of the proximal 
end of the tibia, while the 13-19 refer to size of the distal ends of the tibia. According to the 
present analysis, there is a negative correlation between the two extremities of the tibial shaft. 
There is no a clear correlation between the overall size of the tibia and the size of the two ends.  
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In general, in both cases, more advanced ontogenetic stage corresponds to bigger size 
proportions (Hübner, 2018). Due the paucity of samples and their grade of fragmentation, it 
was decided not to extrapolate an allometric curve series.  
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Fig.3.3.1: Scatter plot of PCA of the femora. ML specimens are highlighted in red dots. See text for the 
discussion.  
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 Fig.3.3.2: Scatter plot of PCA of the tibias. ML specimens are highlighted in red dots. See text for 
discussion.  
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4. Discussion 
 
Dryosauridae 
ML 1851 is the only part of the braincase known so far from dryosaurid ornithopods in 
Portugal. Isolated parietals have not received much attention in literature, thus their anatomy 
has not been coded in any published dataset. Therefore, ML 1851 was directly compared with 
cranial remains of the two best-known dryosaurids, Dryosaurus and Dysalotosaurus. ML 1851 
shows more similarities with Dysalotosaurus than Dryosaurus. As Dysalotosaurus, ML 1851 
possesses a deeply arched lateral processes which expand anteriorly, a W-shaped contact 
with frontals, proportionately short posterior processes and wider sagittal crest. The parietal in 
Dryosaurus is sub-rectangular in general shape, less anteriorly expanded lateral processes, a 
narrower sagittal crest, and proportionally longer posterior lateral processes (fig. 4.1).  Parietal 
ML 1851 is herein referred to Dryosauridae. 
The dentary ML 768, is well resolved in the phylogenetic analysis. ML 768 is recovered 
within Dryomorpha, in having the main ridge directed posteriorly.  It is attributed to 
Dryosauridae in having the main ridge positioned towards the midline of the crown, a condition 
which is seen in Dryosaurus altus and Dysalotosaurus lettowvobercki (fig. 4.1) (Janensch, 
1955; Galton, 1981,2006). The high grade of vascularization may suggest that the bone was 
still growing at the time of death. Due to lack to any autopomorphic character, ML 768 is 
considered as Dryosauridae. 
The two dentary teeth ML 2304 and ML 2305 ascribed to Dryosauridae are smaller with 
respect to the other morphologies here decribed. The occlusal surface is different from dentary 
teeth ascribed to Ankylopollexia, being this one slightly concave. The absence of cingulum is 
diagnostic of Dryomorpha, the sub-equal thickness of the preserved part of the two main ridges 
suggests dryosaurid affinities, although a juvenile camptosaurid identification cannot be 
completely ruled out. 
The two neural arches ML 2321 are too incomplete to be coded into a phylogenetic 
analysis, although it is tentatively attributed to Dryosauridae. They share numerous characters 
with either posterior-most cervical vertebrae, or anterior-most dorsal vertebrae of Valdosaurus, 
Dryosaurus and Dysalotosaurus such as: posterior notches constituted by the 
postzygodiapophyseal lamina (PRPL), posterior centrodiapophyseal (PCDL) lamina and 
centropostzygapophyseal (CPOL) lamina, and degree of inclination of pre and post-
zygapophyses (Barrett et al., 2011). The unfused condition of the neural arches indicates an 
immature condition for the individual represented by these two isolated neural arches. ML 2321 
is attributed here to Dryosauridae.  
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The inclusion of limb elements ML 563 and ML 2055 in Dryosauridae is supported by 
the proximally-located insertion scar for the M. caudofemoralis juxtaposed to the fourth 
trochanter, and relegated to the medial surface of the femoral shaft. As in Dryosaurus, 
Dysalotosaurus and Valdosaurus, the distal epiphysis of the femur shows variably deep 
extensor and flexor grooves, most probably reflecting a difference in size and ontogenetic 
stage (fig. 4.1). The minimal difference in size of the lateral condyle with respect to the medial 
condyle and the posterior extension of the lateral condyle, as in Valdosaurus, Dryosaurus and 
Dysalotorsaurus (Galton, 1981, 2009; Barrett et al., 2011) but differently from Draconyx and 
Camptosaurus (Galton & Powell, 1980; Mateus & Antunes, 2001), furtherly supports the 
referral of these specimens to Dryosauridae.  
For the tibia ML 505 dryosaurid affinities are proposed on the basis of: a conspicuous 
fibular condyle placed in the midline of the proximal epiphysis and the presence of a wide 
groove between posterior/inner and fibular condyle (Janensch, 1955; Galton, 1981; Escaso et 
al., 2014).  It is to be noted that ML 505 has a triangular diaphyseal cross section, while in ML 
2055 the cross section is rounded. This may indicate incipient intra-specific variation as 
observed in Dryosarus an Dysalotosaurus populations (Galton, 1981). ML 505 is here referred 
to Dryosauridae. 
The only dryosaurid ornithopod identified so far from Lourinhã Fm. is Eousdryosaurus 
nanohallucis (Escaso et al., 2014). The phylogenetic analysis carried out including ML 768, 
563 and 2055 and E. nanohallucis holotype indicates a close relationship between ML material 
and Eousdryosaurus nanohallucis. The analysis which included the composite specimen, 
showing the same phylongenetic affinities as Eousdryosaurus nanohallucis holotype already 
discussed by Escaso et al. (2014), supports this close relationships of ML specimens to 
Eousdryosaurus nanohallucis. Thus, on the basis of phylogenetic relationships, geological and 
geographical proximity of the specimens here presented to the holotype, we consider the ML 
dryosaurid material as aff. Eousdryosaurus nanohallucis. A sure taxonomic attribution is not 
possible at the present time, given the lack of diagnostic feature and/or overlapping material. 
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The Principal Component Analysis suggests that the individuals represented by ML 
563, ML 505, and ML 2055 falls within the range of variability of population of Dysalotosaurus 
lettowvorbecki. In the case of the femora, the increase in size is correlated with variation in 
size of flexor groove, although this variation appears chaotic and does not show any particular 
trend. This is consistent with the results of Hübner (2018), who found a positive allometric 
correlation with the extensor groove depth and the overall size of the femoral shaft, and no 
particular trend regarding the flexor groove. Nevertheless, the analysis found some specimens 
where larger shaft size corresponds to smaller flexor groove. This is most probably a 
mathematical artefact due to the incompleteness of the specimens.   
Fig. 4.1: Comparison of selected dryosaurid bone elements with material from bibliography. A, ML 1851 
and Dysalotosaurus lettowvorbecki skull; B, ML 768 and dentary teeth from Dryosaurus sp.; C, proximal 
view of ML 505 and Dryosaurus altus; D, distal view of ML 563 and 2055 and Dryosaurus altus. Scale 
bars: B, 1 cm; C-D: 2 cm. Janensch, 1955; Galton, 1981; Carpenter & Galton, 2018.  
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As in the case of the femora, regarding tibiae in the PC1 is correlated with size increase and, 
there is not a clear trend recognized in this analysis. The difference in placement area of ML 
505 and ML 2055 is probably due to the incompleteness of the specimen.  
Despite some mathematical ambiguity due to the fragmentation of the specimens here 
examined, the PCA indicates that ML material falls within the range of variability of 
Dysalotosaurus population. The size increase has been proven to be a good proxy to estimate 
the ontogenetic stage in dryosaurids (Hübner, 2018), though we adopt a conservative 
approach and we do not extrapolate a growth trajectory for ML specimens based on 
Dysalotosaurus dataset due to the scarcity of specimens and their state of preservation. 
Nevertheless, the fact ML specimens fit the variability of Dysalotosaurus suggests that, as may 
be expected, these close related species underwent similar growth patterns. Since no fully 
mature specimen of Dysalotosaurus is currently known, this indicates that ML material 
represents immature animals. This is consistent with what is known from previous studies on 
paleobiology of dryosaurids, showing evidence high-growth rates and precocial sexual 
behaviour (Horner et al., 2009; Hübner, 2012, 2018).  
 
Ankylopollexia 
The dentary ML 818 is recovered within Ankylopollexia on the basis of closely packed 
teeth. Draconyx louireroi (Mateus & Antunes, 2001), represented only by post-cranial material, 
is the only ankylopollexian taxon recognized in the Late Jurassic of Portugal, although Escaso 
(2014) in his doctoral dissertation reported some specimens ascribed to Styracosterna, based 
on similarities with Uteodon aphanoecetes. Considering the recent taxonomic re-evaluation of 
the genus Camptosaurus by Carpenter & Lamanna (2015), who considered the following 
species as valid: C. dispar, C. aphanoecetes and C. prestwichii (last two were classified from 
McDonald (2011) as: Uteodon aphanoecetes and Cumnoria prestwichii), a great degree of 
intraspecific variability is implied to be present. Therefore, a taxonomic attribution and/or the 
institution of new species based on isolated material, may be problematic, considering also the 
fact that Carpenter & Lamanna (2015) did not test their taxonomic hypothesis phylogenetically. 
This may lead also to a reconsideration of ‘styracosternan’ material present in the Late Jurassic 
of Portugal. In any event, ML 818 as in Camptosaurus presents parallel margins of the dentary, 
closed packed alveoli, and a high emarginated parapet-like structure which constrains the 
tooth row. It differs from Camptosaurus in possessing a less inclined coronoid process, and 
having contact with the angular more anteriorly placed (Gilmore, 1909; Norman, 2004).  
Dentary teeth show a combination of characters (secondary ridge slightly smaller than 
the primary, separated by a shallow depression; hook-shaped not mammilated denticles; 
tertiary ridges arranged in a divergent pattern; squared cross section of the root) which indicate 
67 
 
 
at least ankylopollexian affinities. The characters are particularly evident in the best-preserved 
specimen, ML 2294. The more worn out teeth, have less evident but still recognizable features, 
mainly the transversal section of the root. As for dentary teeth, the maxillary teeth of, present 
a combination of characters (sub-triangular shape of the crown; thickened and distally offset 
primary ridge; variable numbers of accessory ridges on mesial side) which indicate 
ankylopollexian affinities. Differently from dentary, the maxillary teeth have better preserved 
characters, even in the more worn out and resorbed teeth. Late Jurassic ankylopollexians do 
not present clear autapomorphies in their tooth morphology. Teeth of Camptosaurus, ‘Uteodon’ 
and ‘Cumnoria’ share many features between them (Galton & Powell, 1980; Galton 2006, 
2009) and high intraspecific variation is present within ornithopod dentitions (Norman, 2004), 
making a specific taxonomic attribution difficult. In Portugal, two species of ankylopollexians 
are reported: Draconyx loureiroi (Mateus & Antunes, 2001) and ‘Uteodon’ aphanoecetes 
(Escaso, 2014). The holotype of Draconyx includes two maxillary teeth, on which Mateus & 
Antunes (2001) identify some diagnostic features, namely the number of tertiary ridges in the 
mesial side of the tooth crown. However, as already mentioned above and noted by Escaso 
(2014), those features are widespread among individual ankylopollexians. Material identified 
as ‘Uteodon’ does not include dental material, direct comparison is therefore impossible. The 
dentary and maxillary teeth are referred to Ankylopollexia.  
The high degree of crown-wear and resorption of the root observed is consistent with 
the general model of tooth replacement for reptiles (Edmund, 1960), in which each tooth is 
shed after root resorption and crown consumption. This differs from the model recently 
proposed by LeBlanc et al. (2016) for hadrosaurid dental batteries, where each tooth becomes 
not vital not long after being generated, and instead of being shed, is just eroded by the 
mastication process. 
Isolated coracoid ML 2206 shares three characters with both Iguanodon 
bernissartensis and Camptosaurus dispar, including a width/length ratio comprised between 
70% and 100%, an open coracoid foramen along scapula-coracoid suture and a short and 
broad sternal process. Compared with coracoids of ankylopollexians present in Late Jurassic, 
there are not major differences recognizable (Carpenter, 2008; Carpenter & Lamanna, 2015). 
Since the lack of autapomorphic features, ML 2205 is assigned to Ankylopollexia.  
As in the case of dryosaurid material, we consider the ankylopollexian material as aff. 
Draconyx loureroi, on the basis of phylogenetic analysis, anatomical similarity, geographical 
and geological proximity.  
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Paleobiogeographical and paleoecological Implications for the Lourinhã 
ornithopod fauna 
 
Ornithopod dinosaurs are rare globally during the Late Jurassic, although derived 
species had already differentiated (Boyd, 2015). As previously stated, for the Late Jurassic of 
Portugal, just Draconyx loureiroi and Eousdryosaurus nanohallucis are sufficiently well known 
to assess their affinity with a certain degree of accuracy. Thus, Ankylopollexia and 
Dryosauridae are the only two undisputed Ornithopoda clades recognized so far in the Late 
Jurassic of Portugal (Mateus & Antunes, 2001; Antunes & Mateus, 2003; Ortega et al., 2009; 
Escaso, 2014). The putative ‘basal ornithopods’ reported by Thulborn (1973), Galton (1980) 
and Martin & Krebs (2000) discussed in previous chapters, are in need of systematic revision 
and may result nested in Neornithischia outside of Ornithopoda, as seen in the systematic 
revisions discussed in chapter 1.1 (Boyd, 2015). This faunal assemblage closely resembles 
the one recovered in Morrison Formation in general taxonomic composition, in having the 
ankylopollexians Camptosarus dispar, ‘Uteodon’ (= Camptosaurus) aphanoecetes, the 
dryosaurids Dryosaurus altus and the recently named D. elderae, (Carpententer & Lamanna, 
2015; Carpenter & Galton, 2018) the basal neornthischians Othnielosaurus rex, Drinker nisti, 
and Nanosaurus agilis (the latter being considered the senior synonym of the first two by 
Carpenter & Galton, 2018), and the heterodontosaurid Fruitadens haagarorum (Butler et al., 
2009). The higher diversity observed in Morrison Fm. in comparison to the Lusitanian Basin, 
may be explained in terms of preservation potential and outcrops extensions. Nevertheless, 
considering the faunal interchange between Lusitanian Basin and Morrison Fm. (Mateus, 
2006) the recovery of more complete specimens and the reappraisal of the already stored 
material will probably lead to assignement of the fragmentary Portuguese taxa to at least some 
of the aforementioned groups.  
Other faunas dated to the Late Jurassic which show affinities with Portuguese 
specimens are the one present in Tendaguru beds with the presence of Dysalotosaurus 
lettowvorbecki and the Kimmeridge Clay with the presence of ‘Cumnoria’ (= Camptosaurus) 
prestwichii (Galton & Powell, 1980; Mateus, 2006). There is current debate on the origin and 
dispersion of iguanodontians. Beside the seminal work of Galton (1980), very few works have 
focused their attention on basal taxa.  Boyd (2015) proposed three different scenarios based 
on Parsimony and Maximum-Likelihood historical biogeography reconstructions. In the 
parsimony analysis, the origin of Iguanodontia, Dryosauridae and Ankylopollexia is located in 
Europe. The two maximum-likelihood analyses gave contradictory results. In the analysis 
considering all the branch lengths equal Iguanodontia, Dryosauridae and Ankylopollexia show 
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European origin, while when the branch length and missing fossil record were included as 
parameters, the origin of Iguanodontia appeared to be located in Asia. More interestingly, the 
node composed by Dryosarus + Dysalotosaurus shows higher probability to have originated 
in Europe in the equal branch lengths analysis than in the calibrated length analysis. In the 
latter, the origin of the node is located with higher probability in Africa. Xu et al. (2018) erecting 
the non-hadrosauriform ankylopollexian Bayannurosaurus perfectus briefly discussed the 
iguanodontian dispersal. They hypothesize that Ankylopollexia diversified in North America 
and then reached Asia via Europe. Their statistical dispersal-vicariance analysis (SVDA) does 
not take into account Callovosaurus leedsi from the Middle Jurassic of England, considered to 
be the very first dryosaurid (Ruiz-Omeñaca et al., 2006) and the enigmatic taxa 
Gideonmantellia amonsanjuanae (Ruiz-Omeñaca et al., 2012). The inclusion of these two key-
taxa may lead to different scenarios.  
Both Boyd (2015) and Xu et al. (2018) did not take into account European, and in 
particular, Portuguese ornithopod taxa for their discussion. The phylogenetic analyses 
presented here, showed a closer relationship between Portuguese dryosaurids and the 
American dryosaurids, respect to Dysalotosaurus. Although an improved sampling within 
Dryosauridae is needed, this may hint to the presence of a Laurasian Late Jurassic dryosaurid 
clade, separated from the African forms. Therefore, a general reassessment of Late Jurassic 
faunas from Portugal, is pivotal to elucidate the patterns of dispersal and vicariance of Late 
Jurassic ornithopod faunas. 
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5. Conclusions 
 
Ornithopod material housed at Museu da Lourinhã was reviewed and described. In 
order to make taxonomical attributions, the material was compared with reference literature 
and, when possible, included in the dataset of Dieudonné et al., (2016) to explore their 
phylogenetic relationships. According to the present analyses and comparisons, ML material 
is attributable alternatively to two clades: Dryosauridae and Ankylopollexia. Due to the lack of 
autapomorphic features, the material here presented is not assigned to any of the already 
known species present in Portugal.  
Dryosauridae is the most represented clade, with elements belonging to cranial, axial 
and appendicular skeleton. The parietal ML 1851 shares with Dysalotosaurus lettowvorbecki 
a sub-triangular shape, a W contact with frontals and two arched, anteriorly expanded lateral 
processes (Janensch, 1955). The dentary ML 768 is placed by the phylogenetic analysis within 
Dryomorpha, and it is assigned to Dryosauridae on the basis of the size of primary ridge and 
its position towards the midline of the crown. Two isolated shed teeth are tentatively attributed 
to Dryosauridae on the basis of the arrangement of the two main ridges, shape of resorption 
pit and occlusal surface (Galton, 2006). Due to the incompleteness of the specimens, young 
ankylopollexian identification cannot be ruled out at the present time.  The isolated neural 
arches ML 2021 are attributed to Dryosauridae on the basis of the inclination of pre and post 
zygapophyses and posterior notches constituted by postzygapophydiapophyseal lamia 
(PRPL), posterior centrodiapophyseal lamina (PCDL) and centropostzygapophyseal lamina 
(CPOL). These characteristics resemble the condition seen in the posterior-most cervical 
vertebrae or the anterior-most dorsal vertebrae of Valdosaurus, Dryosaurus and 
Dysalotosaurus (Galton, 1981; Barrett et al., 2011). The tibia ML 505 is heavily eroded, but is 
attributed to Dryosauridae on the basis of the deep groove between the fibular and inner 
condyle of the proximal epiphysis (Escaso et al., 2014). The femora ML 563 and ML 2055 are 
recovered within Dryosauridae by the phylogenetic analysis, supported by the presence of an 
anteriorly bowed outline, proximally placed fourth trochanter, scar for M. caudofemoralis 
restricted to the medial surface of the femoral shaft (Ruiz-Omeñaca et al., 2006; Barrett et al., 
2011; Escaso et al., 2014; Dieudonné et al., 2016). The phylogenetic analyses which included 
the Eousdryosaurus nanohallucis holotype and the composite of that specimen plus ML 
material, indicate a close affinity of ML specimens to the Portuguese species. Even though a 
specific attribution is not possible, a strong case is here made to consider dryosaurid material 
as aff. E. nanohallucis on the basis of phylogenetic analysis, anatomical characters, 
geographical and geological proximity. Principal Component Analysis evaluating osteological 
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proportions of limb bone material (ML 505, ML 2055, ML 563), suggests an immature skeletal 
stage for the individuals represented. This conclusion is consistent to what is currently known 
by the paleobiology of Dysalotosaurus lettowvorbecki (Hübner, 2012, 2018) and Dryosaurus 
altus (Horner et al., 2009). 
Ankylopollexia is represented by cranial, dental and pectoral elements. Their general 
anatomy is close to what is already known from other taxa in North America and Europe. The 
dentary ML 818 is recovered within Ankylopollexia based on the close packaging of teeth 
(Dieudonné et al., 2016.). Dentary teeth and maxillary teeth (ML 2294, ML 957, ML 962 and 
ML 814) are attributed to Ankylopollexia on the basis of the presence of, respectively (when 
observable) (Galton, 2006; 2009):  
 Distally offset primary ridge; divergent secondary ridge; shallow depression 
between primary and secondary ridge; hook-like denticles; squared root 
section.  
 Distally offset and thickened primary ridge; sub-triangular crown shape; variably 
number of tertiary ridges.;   
Most notably, it is reported for the first time a general trend from unworn to completely worn-
out condition in ankylopollexian teeth. ML 2206 is attributed to Ankylopollexia on the basis of 
the width/length ratio falling between 70% and 100%, open coracoid foramen along scapula-
coracoid suture and short and broad sternal process, as seen in Camptosaurus, Iguanodon 
and Mantellisaurus (Gilmore, 1909, Norman, 1980, 1986; Carpenter & Lamanna, 2015). 
Although a specific attribution it is not possible given the lack of overlapping material, we 
consider Ankylopollexian material as aff. Draconyx loureiroi based on the phylogenetic 
analysis, anatomical characters, geographical and geological proximity.  
 Comparison with other Late Jurassic faunas, highlight the importance of Portuguese 
ornithopod taxa to elucidate dispersal and vicariance patterns of Late Jurassic iguanodontians 
(Boyd, 2015; Xu et al., 2018).   
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Annex I – cranial and post-cranial material measurements 
 
Jaws TL Max  
H 
Min 
H 
Ts 
  
Legend 
ML 818 150 62 49 23 
  
TL = total length 
ML 768 30 7 2 8 
  
W = width        
Wp(ML) = mediolateral width, 
proximal epiphysis 
Parietal TL W 
    
Wp(AP) = anteroposterior width, 
proximal epiphysis 
ML 1851 18 22 
    
Wd(ML) = mediolateral width, 
distal epiphysis        
Wd(AP) = anteroposterior width, 
distal epiphysis 
Femurs TL  Wp 
(ML)  
Wp 
(AP) 
Wd 
(ML) 
Wd 
(AP) 
 
Max H= maximum heigth 
ML 2055  250 46 43 55 47 
 
Min H= minum heigth 
ML 563 188 26.7 27.3 35.2 41.4 
 
Ts = mediolateral thickness        
H = heigth 
Tibias 
       
ML 2055 220 40 19 12 30 
  
ML 505 235 29 44 37 17 
  
        
        
Coracoid TL W 
     
ML 2206 130 108 
     
        
Neural 
arches 
H W 
     
ML 2321 
(complete) 
22 51 
     
ML 2321 
(partial) 
19 35 
     
        
 
 
  
Annex I: descriptive measurements of the specimens. All the measures are in mm. 
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Annex II – Dental material measurements 
 
 
Apico basal 
axis 
Mesio-distal 
width 
Heigth/Width 
Ratio 
 
Legend 
ML 2294 
* 
13 10 1,3 
 
Dentary teeth 
ML 862 * 12 9 1,333333333 
  
ML 957 * 6 4 1,5 
 
Maxillary teeth 
ML 814.5 
*  
9 8 1,125 
  
ML 814.6 
* 
5 4 1,25 
 
+= dryosaurid 
ML 814.7 
* 
6 4 1,5 
 
*= 
ankylopollexians 
ML 
2303.1 * 
7 5 1,4 
  
ML 2304 
+ 
5 3 1,666666667 
  
ML 2305 
+ 
5 5 1 
  
ML 
2303.2 * 
7 5 1,4 
  
ML 
2303.3 * 
6 7 0,857142857 
  
ML 814.1 
* 
7 5 1,4 
  
ML 814.2 
* 
4 4 1 
  
ML 814.8 
* 
4 6 0,666666667 
  
ML 814.9 
* 
8 5 1,6 
  
 
  
Annex II: dental measurements. All measures are in mm. 
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Annex III – Data matrix 
 
Herrerasaurus_ischigualastensis 
000?000??000000000000110000??0000010001020?20????000000000?20??0000000?100
00000210001???00000?00??0?0?0?0000???????00??000?0002000000000000000?10112
?0??0002??0????00?121000?0000??0?000?0??111??0??00?10?02001001110010000000
10010000000????000000001000000010?00?0000100000?000??00000000000000  
Abrictosaurus_consors 
000?000???1?10011??0000??011??0100001???????10001??????????????0??????????
?????????????????????????????????11??00?1?0??0?0?11020000?00010111?0?00???
?0??01???0????????????1????????????????00?1?????0???0?0???10?1??0??1000010
??11?00???????????????????0??1?201?0??????1??1????????????11?100000  
Agilisaurus_louderbacki 
000?000??000100011000000000???010?001010100010110000?00001??0???0000001001
001000?0101???0000????????0??000110??0000?1?0000?1103010000101011100?010?0
100?200??000???10??11?1??01?0??01?0100010010?00?1000000?0???0??????1000000
01010101011010?1100013?0000001020000?000??11?00??11??0????110100000  
Anabisetia_saldiviai 
0??????????????????????????????1??????????????????????????????????????????
????????????????????001111?????????????????1?0?001???????????1???1?11?1?10
000????00??2????????????????????2??10??00010110?000010010000?000??01100010
1011111001101101100103201101210200?10111??1???02111?2??11?110100000  
Camptosaurus_dispar 
000?000??01111110101?00100??00110010100110111000100010000002101?2000001010
00010?110?00000110?2010111002000111011010113101001112010011??1111111011011
11010011101212111?1111?21011100011011?000000110?00000001010010001101000010
211111110110111111110311110?01021001111011110002111020????111100000  
Changchunsaurus_parvus 
000?000??1001?0011100000?1100?010???1???????10?0?00?1?0000010??00210???10?
001010?00?0????0????00????0?0000111110110112002001112010000101011101[01]010
?0?01?00100000???101011?????????00???10???001??001?00001??????????????????
????1?1?1????????????????????111???0????????1??00???1?????????0100000  
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Dryosaurus_altus 
0?0?000??01011110101000110??0011011010001001100000001000010?11000000001010
001101100000010110120000100010000110?10?0112001001112010001??1011111011011
110100111012111111111021001111002001000000000010000000001??0??????10000101
0111111011011111010021111011110000110110011?0021111111110111200000D  
Dysalotosaurus_lettowvorbecki 
0?0?000??0?011110101000110??00?1011110001001100010011000011211000000001010
0011?1100?0?010110120?1010001000011011010112001001111010001??10111110110??
?10?00111012111111?1102?01111??02101000000000101000000010??????????1000010
10111111011?11111010021111011102001101101?11?0021111???110111200000  
Echinodon_becklesii 
0?????0???????0??1????0???????01??????????????????????????????????????????
?????????????????????????????????1????????0??0?0???00???0?0??10?1100?000??
?0??0????00???????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????  
Emausaurus_ernstii 
0?0?010???0??000?1?0?00?000??001000010???0??10101?0000000??????1??0000?10?
0010?????0????????????????0?00????0???????1??1?0?0103?00000101001100?0?0??
?0??00???00???????????????????????????????????????????????01??????????????
??????????????????????????????????????????????????????????????0011?  
Eocursor_parvus  
00???????????????????????????????????????????????????00???????????????????
??????????????????????????0?0???0?????????1??0?0?010?00000???10011?0?0?0??
????0????00???0?0?????1????????????1???00010????0?000?0????0?1?10??1?00000
??11100001100001100010?0000000?200?0?00???11?0?????????????????0000  
Fruitadens_haagarorum 
0?????0?????1?0??1????????11?001??????????????????????????????????????????
??????????????????????????????????????????0??0?0???00?????0101001100?000??
?0??11????0?????0?????2?????????????????????????0?010?0???????1???????????
??????????????????????????00?1?201?0?00???10?11??11????????????????  
Gasparinisaura_cincosaltensis 
000?00????????????0???????10???1001110?0??011000000?000000120??0200000?00?
001110?????????000120???????????0????????1?30010?110101001???10?1111101??1
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110?00??????????01????200111????1011010?0?01100??000010????????????1000011
011111100111110110010?20?101211200?0?000111100020111211001111200000  
Haya_griva       
0?00000??00010001?0001100110?00100011110?11?1001001010000??10??0000001?101
001010?0010???00001000??1?0?00011111?0?101120000?11020100001010011011010?0
?01?00?0??00???10?011020?2?10?0001010000001001010?000101??0000?????1000010
0?12100001111101100?03?00?0101120000?00??011?00??1???1???0??0000000  
Heterodontosaurus_tucki 
000?000??01?1101110000001011000100001110100110001000000000?00??00300100?00
00100000002?0000001?00???00000000110?00?11000000011010000100101111110111?0
010?11000010110001010?2????000000001000001111?0?0?010102001001110011000010
0011100001100001100000000?00010201?0?00???10?11?????000??0110100000  
Hexinlusaurus_multidens 
00??000??????0?????0???????????10?01101??00?10001000?0000??????00000000001
0010?0???0?????01???0?????????????????????1?0000011030??00???10011010000??
?01??01??0000??101011?1??01?0??0??010001001???0?0?00000?0?0000000001000010
001101000111110110000?10010000020010?00???11?00??11??1???011?100000  
Hypsilophodon_foxii 
000?000??11010011100000001100001000111101101100010001000000200?00000000000
00101000010000000010001?10011000111100000112000001102010010101011111[01]010
1010000000001010110?011020011100?11101010000101101000000010000000000010000
10001211100111111110000110010111020000?000101100000111111000110000000  
Iguanodon_bernissartensis 
0000000??01111110101?00100??00110010100110111001000010000002021?000000?01?
00110?11000?0001?0?20?00?00?2000111011010013101001113010011??1111111011011
11010011101212111?1221?201111200110110000010110200000002010010001101000010
32111111011011?1111103111110?10110011110?11100021110?01100111200000  
Jeholosaurus_shangyuanensis 
0?0?000??100110011?00000010?1??10?011010?10?10000000100000?10??00110001101
00101000010?????000?0???1?0?00??1111100001120020?110?0100001010?11?11010?0
?01?00101?0????00101?0200?110?????0100?1100?0???00??010????????????1000000
00111110011???0110001??0000101020000?000??11?00??11??1???0??0100000  
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Koreanosaurus_boseongensis 
0?????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
????????????????021??0?0??11???0???0???000101011?0000011??????????????0?1?
0?2?1?1???????????01??????01011200?0?0102?11?0??????????????????000  
Lesothosaurus_diagnosticus 
000?000??00010001100?00?000??001010010?0000110001000000000000??00?0000?100
001000000000000000100?0?0?0?0000010000000010000000103000000101011100?00000
10?00000000?00000????????000???????100?00011100?10000000000000000?01000000
000100000110000110001010000000020000?0000?11?000?11010????110100000  
Lycorhinus_angustidens 
0????????????????????????011??010?0?1?????????????????????????????????????
????????????????????????????????????????????????????1????????10111?0?0?1??
?0???????0????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????  
Macrogryphosaurus_gondwanicus 
0?????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
???????????????00?111?2???1???11??1????????????????????????????????1?00???
0?1?111001101?11100?0?2001?????????????????????????????????????????  
Mochlodon_suessi 
0?????????????????????????????????????????????????????????????????????????
?????????????????????????????????1???????1102010111101??0????1???1?111??10
101?00?00111?0????????????????????????????????????????????????????????????
??????????????????????????0????1??0????????????????????????????0???  
Mochlodon_vorosi 
0?????????????????????????????????????????????????0???????????????????????
????????0?2??????????????????????1???????11020101111011??????101111111?010
101?00?00111???????????????????????????????1101??11001121?????????????????
??????????????????????????0011?1000???1?2?11???????????????????????  
Muttaburrasaurus_langdoni 
0????????????0?????100?????????1???11??1?011?????1?0?0?????20??0100?0?0010
??1101?0?0?????00??00?????????????????????????????????1000?????1?1111010?0
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101????00?1????111?1??2??0??????????????0001?1???0001011?00?????1????11??0
2?2??1??0111??????0???????00111200?10111??11?0000110??01????01??000  
Orodromeus_makelai 
000?000??10010001100000??10??10100101010?102100010101000010000000300000001
001000100001?1000011??10?10100??01????0?01111000?110?010000101011100?00000
0000001000000001020110300211000?1001000000101001?00001010000?0000001000010
0?12111001111101100002200101?11200000?[01]0001?10100110110?0?110000000  
Othnielosaurus_consors 
0?????????????????0???????????????????????0???????0???????????????????????
???????????????????1??01?????????????????0?1???00???????0????10??110?00?00
1000???00?00000?010?102000110??11?010000001010010?000000?0??0??????1000010
0111111001111101100003100101010200000000?011?0001111111000110100000  
Parksosaurus_warreni 
000?00???????0????????????10???1001110001??110?0?000?00?0?020??0?00001100?
?011?0?0?00??0?????0??10??0?????1????????1???000?11030?001???101111?100010
101100100002001???1?20???011??01101101?0000110010???0001???????????1000010
02??????011111?11?0101100101111210?0????201100000??11?0??0110000000  
Pisanosaurus_mertii 
00?????????????????????????????1??????????????????????????????????????????
????????????????????????????????0????????????0?0??102??000???1011??0??1???
?0??00???00?????0?????????????????????????????????????????????????????????
???????????????????1??????????????????????00?00???0???????????00000  
Psittacosauridae 
011010100?0?110010?0?11?00??100110??1?0??0??10101?0010100???????3?0000?10?
0110????002???00?[01]????????0?0001?11[01]?0000?1??0?1?11110[01]0001??1011111
10?0???1??00???01????10??[01]0????1?????0??0100100[01]1???010?000?0?0?00?000
0001000010???211[01]?011210?1120?00?0010[01]???200?1?00???11?00??11??0????11
?000000  
Rhabdodon_priscus 
0?????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????1?2101??11100??0????101???1?1?01?
?0??001001?1?????????1??0??1????0?????????????????????????????????????????
???????????????????????????1????0?010011?1????????????????????00000  
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Rhabdodon_sp1    
0?????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????1?21010????0??00????101??11?1??10
?010001001???????????1??0??1????0??1????0001200???????????????????????????
??????1?01101?????1113[12]00?11?1?100010011?11?0??????????????11200000  
Scelidosaurus_harrisonii 
000?010?????100?????0???0?0??0010010100??0??11?2??0000000??????1??0100?10?
0010????001???00?0????????0?1110??0???????1??1?0?0103010000101011100?0?0??
?0??00???00????00??02????0??0??0??010000001???0?0?000?0?0??????????1001000
??000000111000?1100?00?0010000?210?0?00???11?00??11??0????11?011111  
Scutellosaurus_lawleri 
00??010??0?0??0?110?000????????10????????1????????0??0?????????1000000010?
00????00??1??????????????????????????????0?00000?0??3???0?0?01001100?00000
000??0000000?00?01111?1???????0????1?0????1?100?0?000000?000?0??0?01000000
?0?1????0110??01100100000000000200?0?00???11?00?????????????0?00110  
Talenkauen_santacrucensis 
00???00???00101??1?0000??010??0100??1???????????????????????????0?????????
?????????????????????????????????111?0?10?1?0000?11?????0?0??10?11??1?1???
?01?0?1????????00?112??????????????10?00001???0?000?100????????????1000010
?11111?0011011?11??????????111?2?0????????1??0???11????100?1?000000  
Tenontosaurus_dossi 
000?000??010?111010100000010?01100111000101110001100100001001??0?00000000?
101111?1010000?110?20?0??000??000110110001120010?11110?0000??10111110110?0
?0?10011001?12101?02??210??11??01?010100000010010?0001010000?00???01000011
?0111111011011?11001031011?1110210?1?11??111000201111?0???110000000  
Tenontosaurus_tilletti 
0000000???1011110101?00100???0?100111000101110001100100001001??02000000000
10111??1010???0110??000?1?001000011011000112001001111010001??1011111011010
10010011001012101?022121011111?0100101000000100100000101000000001101000011
0011111101101111110103101111110210010110111100020111110100110000000  
Thescelosaurus_neglectus 
000?000??100100111?000000110?101001110?010121001001010000?120?000000001001
00101010??0?1101100000??110110??1111?00101110000?11030100001010111011010?0
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10100010001?01010111203001111?11?10101000011000000000000000000000001000011
??1111000111110110?003200101?11210?0000??011?00?0111?1???0110000000  
Tianyulong_confuciusi 
000???0???1?1101???000000011???10?0010???????????0?????????????0?00???????
???0??????2?????????????????????111??00??????0?0?110000?0000?1002??0?00???
?0??10???0?????????????????????????101????1???0?????0?0???????????????????
?????????1?????111??10?00?0????????1?00???1??????????????????100000  
Vegagete_ornithopod 
0??????????0??0???????????????0???????????????????????????????????????????
??????????????????????????????????????????????1?0????1??0?0??101?111101?10
[01]01000?0001001??0?1?????????????1??????????1?0???110?1?2????????????????
?0?0?????????????????????????0011???0100112011?00001?????101111100000  
Yandusaurus_hongheensis 
0???00???????????????????????001000?10?01??1??????1???????0?0???0?0000?00?
?0???000???????????0?????????????????????0?1?????????????????101111?101??0
101????0????0???0????0?????1????1??????0001?100???000000?0????????????????
?????????????????????3?????????????0?00?????0???????1???????0?0????  
Yinlong_downsi   
011010101?0?1?0010?01000??0????10?10101??00?1000100011111??????03110001001
0110?100?02???1??01???????1?20??0101?0010?1??0?0?110?0011001010?11?0?0????
?0??00????????????????????????????????????????????????????????????01001110
??1?1?000112100111????????0??1?20?????????????????????????????00000  
Yueosaurus_tiantaiensis 
0?????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
????????????????010??1?????10?????00?0??0000????????0?0???????????????????
?????????1?????110??????0?0??1?2001???????1?1002??????????????0?000  
Zalmoxes_robustus 
000?000???0010010100010010???001001?10???01??????10?1000010?0??01000?0?010
101101100021???0?0201?1?000?10??111000010112201011110010001??1011111111010
101000100111??11110??1310??11???1?01????0001?0???11001121??????????1011010
302111?1???????????100010111011110010011?111?000?11????????????0000  
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Zalmoxes_shqiperorum 
00??00???????????????????????????????????011?????10?100001????00100????010
1011??10002???????2?10??000?10???110000??11220101111001?00???101111111?0??
????001001110?1???0???3???1?????1??1????1101101??1100112???????????1011010
30211111?111110????10001111101111001001??111?00??11????????????0000  
Zephyrosaurus_schaffi 
0???000??1001?011110000?0?10?1010???1??0?11?10101010?000??0000001300001?0?
?0?0?0001?00010010110010110110???????????1????????????????010101111?100010
?0100??00?02000??20??0???2?1?00?1????0??????10?????????0??????????????????
?????????????????????????????11??????????0??1??20??01?0?????0??????  
ML_768           
0?????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????01????????????101?11101?0??
??????1110121?????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????  
Eousdryosaurus_nanohallucis  
0?????????????????????? ????????????????????????????? 
??????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????110????0?????????????????
???????????????10011101101?11????????????????????111110?110??00010?001111?
0?1100??110????    
 
ML_2055          
0?????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
??????????????????????????01??0100110110?11????????????????????????  
ML_563           
0?????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
??????????????????????????01??1?0?110110???????????????????????????  
ML_818           
0?????????????????????????????????????????????????????????????????????????
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???????????????????????????????????????????????00?11??????????1????????0??
??????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????? 
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Annex IV – Linear Measurements used for PCA (Femur) 
 
 
Femur 9 10 18 19 20 21 22 28 29 30 31 GM 
ML 563  32 22 29 5 13 31 4 31 15 4 5 12,81468865 
ML 2055 39 20 51 7 22 47 15 44 17 12 8 20,76889565 
MB.R.2511r 73,1 44,7 79 18,5 32 68,5 13,5 73,2 32,9 21,5 9,5 33,97011425 
MB.R.2517l 38 22,5 42,2 8,2 18,3 39 6,7 38,2 16,7 10,5 5 17,5080738 
MB.R.2519l 27,1 15,7 28 6,3 12,2 23,7 3,2 27,2 11,2 5 2,8 11,03741396 
MB.R.3299l 
 
25,8 44,1 9 19,5 39,7 7,2 
 
18,5 11 5 15,70359927 
MB.R.3302l 57 37 65,7 17 31,4 60,3 5,2 56 26,2 14,4 9 26,43756233 
MB.R.2144l 
  
90 21,2 45,2 83,3 11 
 
37 22 11 30,28457252 
MB.R.2508r 65 40,2 79 18 34,1 66,2 13,9 65,3 31,3 27,9 7 32,75343879 
MB.R.2507l 
  
71,4 
     
28,6 
 
8,3 25,68704298 
MB.R.2506l 
 
40 72,8 13 32 63,6 15 
 
27,5 16,1 10,4 25,94195945 
MB.R.1502l 58,3 39,5 74,5 14,3 34 64,6 11,9 61 27,2 16 10 29,89156431 
MB.R.2503r 62,6 40.2 69 15,9 32 64,9 10 63 28,7 15,7 10 28,88908137 
MB.R.2500r 47,8 31,1 53,5 11,4 24,8 47,1 8,8 47,8 21,4 12,9 7,1 33,5866277 
MB.R.2509r 36,3 23,9 40 9,2 17 36,2 7 36,6 16 10,9 4,2 17,11334776 
MB.R.2501r 
 
29,2 49,2 
 
23,9 44 
  
20,5 
 
6,6 24,27072343 
MB.R.5099r (dyI) 55 37 65,2 13,9 25,5 56,9 10,8 55,6 26 15,8 8 26,87424068 
MB.R.5100l (dyI) 55 36,2 64,3 13,5 29,6 57,3 12 56,6 27 16,1 7,3 27,31591061 
NHMUK R12278r 
 
43,5 77,8 
 
35,7 75,1 13,6 63,5 
 
22 
 
40,29174215 
NHMUK R12277r 69,3 45,3 84 19,2 38,8 73,5 12,6 69,4 
  
10,7 37,15965263 
NHMUK R6861r 
 
25 44 
 
19.6 40 
  
16.6 9.8 5.5 35,30348335 
GZG.V.6273l 55,2 37 71,9 14 35,9 61,9 13,2 55,2 28,5 14,8 6,8 28,36084793 
GZG.V.6277l 63,4 40,8 78,1 
 
36 65,4 
 
63,4 34,5 
 
9 41,8243255 
GZG.V.6574r 
 
20 34,4 
 
16,2 31,2 
  
15 7,8 3 14,29629808 
GZG.V.6211r 
 
25 43,2 9,8 19 37,2 18,1 
 
18,2 11,9 4,9 17,36662739 
GZG.V.6314l 54 36,3 68,9 13,1 31,6 59,1 
    
7,2 30,36285224 
GPIT/RE/4156r 14,8 10,3 18,7 3,5 7 16 5 15 6,8 4,3 2 7,602141186 
GPIT/RE/3524l 27 17,7 31,6 6,9 12,9 27,8 6,2 27 13 7,9 2,9 13,04594672 
GPIT/RE/3522r 20 13 29,1 7,9 12,5 23,7 4,2 20,5 10,7 6,9 3,1 11,20316839 
GPIT/RE/3584l 42 26,5 46,1 10.1 18,7 43,5 6,7 41,2 17,5 11 6,9 20,81986359 
GPIT/RE/3586r 39,1 26,1 45 9,3 
  
5,8 39,8 17,8 8,8 5,9 16,50938677 
GPIT/RE/3580r 28 17,1 33,2 7,5 14,8 29,8 6,9 28,2 12,8 8 4 14,04367835 
GPIT/RE/3582r 41,5 27,3 50 12,8 21,2 42,3 7,9 42 18,6 10,3 6,3 20,44147293 
SMNSoN1l 
 
41,8 70,8 
 
33,9 65,6 
  
25,2 
 
8,8 33,67953202 
SMNSoN2r 
 
18 36 
 
17.2 30.8 
  
15.1 
 
4.2 25,45584412 
SMNS7855l 40 25 46,9 11,2 20,3 40,2 
   
8,2 5,1 19,12877343 
SMNSoN3l 43,2 28,2 52 11,8 22,2 46,9 9,3 43,9 22 
 
7 23,3862841 
Annex III: variables and measurements utilized for the PCA. For variables explanation, see Hübner (2018). 
GM = geometric mean. 
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SMNSoN4l 
 
34,6 63,3 
     
27,2 
 
7,8 26, 10873492 
SMNSoN5l 
 
34 70 
  
66,2 
 
63,2 
  
7,2 37,24748074 
SMNSoN6l 56,9 34,1 61,8 13 28,1 57,2 9,2 55,8 
   
32,6336278 
SMNSoN7r 58 37,5 61,2 13,3 26,2 57 13 57,9 24,2 16 9,2 27,60337224 
SMNSoN8l 24,7 14 29,2 5,8 12,9 27,3 
 
25,3 
   
17,59374882 
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Annex V – Linear Measurements used for PCA (Tibia)  
 
 
Tibia 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 GM 
ML 505 235 230 22 41 20 17 11 
 
7 11 17 7 
       
24,20477488 
ML 2055 
            
40 11 25 18 
 
12 9 16,66024911 
MB.R.2510l 174 168 16,1 
     
15 13,2 12,3 
 
39,3 12,2 24 15,5 7,6 14,6 10 21,62992998 
MB.R.2512r 340 326 31 
 
58.8 41 24 27 
 
32.4 35 13 89 31 51 38 12.5 26 20.3 47,20218464 
MB.R.2513r 325 307 26.7 
      
30.8 33.4 
 
79.6 25 44 30.5 
 
26 20.8 77,81755009 
MB.R.2514r 300 286 23.6 
      
28.7 
  
76.4 25 45 29 15.5 22.6 
 
77,5188929 
MB.R.2515r 265 250 
        
30 
 
61.5 20.5 41 20 
 
23 16.8 57,85063597 
MB.R.2516r 200 190 
 
48,8 28,3 22,2 11 11,7 16,3 15,3 18,9 6 49 13 30 19,3 7,9 15,5 11 22,45485025 
MB.R.2523l 165 160 13,5 39,6 27 16,3 11,2 10,8 
 
13 15,3 6 38,2 11,3 22,3 15,9 6,8 15,2 9,2 19,2397661 
MB.R.2522r 
  
10,8 
 
18,2 13,8 9 8,8 
  
11,5 5 
       
10,30646204 
MB.R.2520r 
  
10,7 
         
28,9 9,9 17 11,8 4,9 12,3 8,2 11,4886857 
MB.R.1709l 116 111 9,9 30,7 17 12,5 7,3 7,3 9 8,5 10,4 4,8 25,3 8,8 16 9,5 
 
10,5 7,6 14,05318344 
MB.R.5101.1r 325 310 25.4 89.6 53.6 37.7 22 23 32.7 31.8 37.7 11 75.8 25 43.5 31.4 
   
49,10450953 
MB.R.5102l 
  
27 77 53 31 22 22 30 31 30,6 12,8 77,8 28 47,3 31 10 
 
20,8 29,86317452 
NHMUK 
R12279r 
370 360 29.6 97.2 65.3 44.7 27 30.1 37.8 
   
89.5 30.9 51.9 38.5 
 
28.8 23.9 153,2107821 
NHMUK 
R8351r 
  
16,5 54,2 
 
23,8 15,8 
  
18,6 20,2 7,9 
       
19,30195239 
GZG.V.6613r 
  
14,9 51,8 32 23,5 13,3 
 
15,7 11 20,5 
      
19.7 
 
20,16410562 
SMNSoN1r 
  
13,7 46,8 28,7 
 
10,7 
 
14,8 12,9 
  
36,7 11,3 21 14,8 6 15,9 10,8 16,12724152 
SMNSoN2l 173 163 15,4 42,8 26,9 
 
9,2 
 
13,5 
 
14,3 
 
38,1 12 24,1 14,3 
 
14,9 9,8 23,95000988 
SMNSoN3r 166 160 12,5 40,1 24,1 15.3 8,7 10.2 13,5 11 12,1 
 
35,9 11,9 21,8 13,6 
 
14,3 9,1 21,27271824 
SMNSoN4r 296 280 22,4 77,1 43,7 33.4 18,2 19.4 24,2 23.5 31,3 10 69,2 23,9 42,1 26 10 27 18 35,89250532 
SMNSoN5l 
   
79,8 47,2 34.8 14,7 21 25,4 25 30,9 9,8 70,4 24 40,1 28,3 10,9 26,1 18.1 27,21009814 
Annex V: variables and measurements utilized for the PCA. For variables explanation, see 
Hübner (2018). GM = geometric mean. 
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Annex VI – Principal Components (Femur) 
 
 
Femur PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 PC 8 PC 9 PC 10 PC 11 
ML 563  -0.71625 -0.30137 -0.083921 0.19573 0.064434 -0.034032 0.016784 -
0.001267
6 
-0.022542 0.04116 0.017293 
ML 2055 -
0.031376 
0.2344 -0.14325 0.17265 -
0.013909 
0.036789 -0.084095 -0.11593 0.000558
04 
-0.029816 0.0054434 
MB.R.2511r 0.67668 0.058566 0.073437 -
0.033716 
0.089036 -0.043034 -0.012633 0.03162 0.01734 -
0.001240
1 
0.015696 
MB.R.2517l -0.26978 -
0.016317 
-
0.0001499
2 
-
0.021629 
-
0.004081
5 
-0.061969 -0.032229 -
0.028709 
-0.011989 -0.013769 0.014444 
MB.R.2519l -0.93085 -0.22105 0.077098 -
0.054632 
-
0.011406 
-0.028374 0.01708 -
0.030912 
0.001994
8 
-0.017213 -0.015497 
MB.R.3299l -0.16461 -
0.019207 
0.051395 -
0.007204
2 
0.021084 -0.079186 -
0.007068
2 
-0.01535 -0.013322 -
0.006497
2 
-0.0019632 
MB.R.3302l 0.3401 -0.27813 0.013486 -0.16397 0.044778 -0.026427 -0.065334 4,56E-01 -0.014648 0.003939
2 
-0.013793 
MB.R.2144l 0.62062 0.033257 -0.20047 -0.26832 -
0.059923 
0.11534 0.047034 -
0.075731 
0.013914 0.030804 0.023734 
MB.R.2508r 0.62531 0.16455 0.10366 -0.14271 0.004507
3 
-0.098791 0.020245 0.009993
6 
-
0.005932
6 
-0.019216 0.016039 
MB.R.2507l 0.12948 -
0.045083 
-0.13999 0.001534
8 
0.066282 -
0.0003736
9 
0.064819 -0.00294 0.082407 -0.065901 -0.011112 
MB.R.2506l 0.43472 0.11024 -0.1613 0.04014 -
0.055878 
0.051629 0.021428 0.081321 -0.015997 0.014735 -0.0056989 
MB.R.1502l 0.50208 -
0.001103
3 
-0.025618 0.030488 0.011463 0.0098987 -0.023028 -
0.003652
4 
-0.01184 -
0.007879
1 
-0.016691 
MB.R.2503r 0.49612 -
0.069363 
0.0057026 -
0.011742 
0.064174 -
0.0001338
9 
-0.033261 0.008197
5 
-0.011256 0.016864 -0.0005595 
MB.R.2500r 0.11143 -
0.015365 
0.001717 -
0.004898
4 
0.025225 -0.018513 -0.02653 0.01123 -0.02815 -
0.007439
5 
-0.015961 
MB.R.2509r -0.30665 0.024919 0.064353 -
0.060249 
-
0.015494 
-0.057836 -
0.008790
6 
0.031226 -
0.006605
2 
0.000301
24 
0.010732 
MB.R.2501r 0.012352 -
0.008120
5 
-0.01222 0.007138 0.012445 0.003006 -
0.003226
1 
0.013087 -0.032448 0.009513
7 
-0.02647 
MB.R.5099r 
(dyI) 
0.34324 0.023495 0.018512 -
0.009303
6 
0.04593 -0.03138 -0.014019 0.042796 0.021512 -
0.001334
6 
0.017189 
MB.R.5100l (dyI) 0.36535 0.063803 0.034096 -
0.002955
6 
0.017251 -0.031501 0.031626 0.003594
9 
-0.014832 0.007791
5 
-
0.00059395 
NHMUK 
R12278r 
0.43427 0.15265 0.040701 0.021426 -0.24314 -0.14579 -0.037357 -
0.013031 
0.004248 0.019872 -0.032418 
NHMUK 
R12277r 
0.58138 -0.10323 0.10442 0.11886 -
0.046673 
0.18279 -0.071632 0.009993
6 
0.002004
2 
-0.014888 -0.011641 
NHMUK R6861r -0.1396 0.017702 0.070906 0.026681 0.025774 0.042109 -0.029488 0.001904
9 
0.000913
48 
0.007664
4 
-0.0042987 
GZG.V.6273l 0.4209 0.059996 0.041965 0.012169 -
0.042774 
0.010619 0.10662 -
0.025826 
-0.029488 0.001410
5 
-
0.00092546 
GZG.V.6277l 0.43602 -0.17966 -0.049483 0.10756 0.030244 -0.0726 0.099736 -
0.076425 
-0.017745 -0.022648 -0.0063248 
GZG.V.6574r -0.3968 0.078432 0.26161 0.009620
2 
0.052495 0.046703 0.07612 -
0.035275 
0.011006 0.028428 0.0036981 
GZG.V.6211r -
0.068477 
0.32181 0.082756 0.12205 0.034735 0.045576 0.049488 0.025887 -
0.009549
4 
0.008910
9 
-0.0011981 
GZG.V.6314l 0.23494 -0.10517 0.025704 0.011246 -
0.086488 
0.058734 0.007067
9 
0.015479 -0.047332 -0.05103 0.034739 
GPIT/RE/4156r -14.789 0.12477 -0.049183 0.04857 -
0.099288 
0.01057 -
0.001652
6 
0.045166 0.007046
1 
-0.020126 0.012243 
GPIT/RE/3524l -0.70013 0.058155 0.051141 -
0.049264 
-
0.048092 
-0.042242 0.046778 0.023168 0.004873
5 
-
0.001457
1 
0.021051 
Annex VI: principal components resulting from the PCA of the femur 
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GPIT/RE/3522r -0.90518 -
0.034176 
-0.033204 -0.19891 -
0.067929 
0.072759 -0.012298 0.013841 0.015513 -
0.008543
3 
-0.01888 
GPIT/RE/3584l -0.11188 -
0.074494 
-0.027742 -
0.018698 
0.03789 -0.016397 -0.096848 0.025777 0.003685
3 
-
0.004851
3 
0.018032 
GPIT/RE/3586r -0.17081 -0.16117 -0.020434 -
0.005048 
-
0.032965 
-
0.0058795 
-0.019245 -
0.031435 
-0.032226 0.023365 0.0038938 
GPIT/RE/3580r -0.59051 0.058471 -0.013759 -0.02395 -
0.029608 
0.037699 -0.01537 -
0.002964
6 
-0.010709 -
0.001905
1 
0.00048897 
GPIT/RE/3582r -
0.047251 
-
0.045233 
0.027953 -
0.038776 
0.022013 0.068858 -0.019086 0.039378 0.016181 0.003194
9 
-0.011906 
SMNSoN1l 0.28556 -0.13186 -0.12993 0.059733 -0.11555 -
0.0034916 
0.044005 0.031922 -0.035948 0.012175 -0.0057695 
SMNSoN2r -0.29681 0.13707 0.15113 -
0.068087 
0.09076 0.019328 -0.045138 -0.0579 -0.011581 -0.012446 -0.024953 
SMNS7855l -0.13747 -
0.020504 
0.060808 0.033468 0.03267 0.06756 0.080167 -
0.008153
1 
0.037354 0.03102 -0.01305 
SMNSoN3l 0.050829 0.004698
1 
-0.026029 -
0.002653 
0.039519 0.033099 0.002508
2 
0.020197 0.011477 0.017007 0.006424 
SMNSoN4l 0.12669 -
0.056612 
-0.096791 0.027044 0.044166 -0.031154 0.061687 0.068915 0.038098 -0.024691 -0.019778 
SMNSoN5l 0.18507 -0.07745 0.011477 0.085697 -0.07485 -0.0484 -0.055435 -
0.026615 
0.13516 0.034132 0.012251 
SMNSoN6l 0.20735 -
0.066226 
0.11982 0.036339 -0.03428 0.016875 0.000981
69 
-
0.025783 
-
0.007325
5 
-
0.008590
9 
0.021885 
SMNSoN7r 0.37852 0.078574 0.0057847 0.057962 0.062748 -
0.0039474 
-0.060436 0.041371 -0.010667 0.005402
7 
0.0089236 
SMNSoN8l -0.53566 0.22531 -0.28616 -
0.039386 
0.14271 -0.048491 -0.019974 -
0.018207 
-0.023155 0.02379 -0.0047158 
 
 
Annex VII – Principal Components (Tibia) 
 
 
 
PC 1 PC 
2 
PC 3 PC 4 PC 5 PC 
6 
PC 7 PC 8 PC 9 PC 
10 
PC 
11 
PC 
12 
PC 
13 
PC 
14 
PC 
15 
PC 
16 
PC 
17 
PC 
18 
PC 
19 
ML 505 -
0.28
401 
-
0.3
459
3 
0.25
625 
0.17
947 
-
0.07
487
1 
0.0
597
16 
-
0.04
073
1 
-
0.02
731
7 
0.03
9057 
0.07
831
7 
-
0.01
762 
-
0.02
073
5 
-
0.01
895
1 
0.00
8076
2 
-
0.01
458
1 
0.01
031
1 
-
0.00
176
74 
-
0.00
1949
5 
0.00
0457
07 
ML 
2055 
-
0.20
132 
0.1
996
5 
0.06
849
2 
-
0.07
0508 
0.01
902
7 
0.1
328
8 
-
0.04
052
2 
0.06
726
5 
-
0.01
6673 
0.02
991
1 
-
0.00
385
41 
0.01
979
6 
0.05
483 
0.02
4691 
0.01
181
9 
0.03
077
4 
-
0.00
617
24 
-
0.00
1850
4 
-
0.00
0347
69 
MB.R.2
510l 
-
0.35
619 
0.1
552
6 
1,94
E-01 
0.13
692 
0.13
12 
0.0
464
72 
0.02
008
7 
-
0.05
716
2 
-
0.00
0846
34 
0.02
072
8 
-
0.01
344
6 
0.00
064
776 
-
0.03
853
7 
0.01
5615 
0.03
572
4 
-
0.00
950
9 
-
0.01
072
2 
0.00
3323
5 
-
0.00
0191
52 
MB.R.2
512r 
0.86
313 
-
0.0
686
61 
0.24
037 
-
0.00
1366
7 
0.07
786
8 
0.0
212
13 
0.03
886
7 
-
0.01
646
2 
0.02
5287 
-
0.10
384 
-
0.00
975
87 
-
0.02
886
5 
0.02
345
9 
-
0.00
3688
2 
0.01
618
6 
-
0.01
491
8 
0.00
111
12 
-
0.00
3851 
0.00
0453
45 
MB.R.2
513r 
0.47
024 
-
0.2
496 
0.05
489 
-
0.14
548 
-
0.15
394 
-
0.0
233
92 
-
0.06
064
3 
-
0.08
055
8 
-
0.05
9385 
-
0.01
564
9 
0.02
350
4 
0.01
359 
0.00
244
48 
0.02
5266 
-
0.00
854
12 
-
0.01
267
1 
-
0.00
610
52 
0.00
2320
5 
-
0.00
1342
7 
MB.R.2
514r 
0.33
817 
-
0.2
759
7 
-
0.00
239
62 
-
0.12
967 
0.09
403
7 
0.1
474
7 
0.08
030
2 
0.07
256
6 
-
0.01
1274 
-
0.02
412
1 
0.00
756
61 
0.02
137
8 
-
0.01
938
6 
-
0.00
3467
2 
-
0.01
880
7 
0.00
516 
-
0.00
573
1 
0.00
4535
7 
0.00
0309
51 
MB.R.2
515r 
0.17
581 
-
0.1
012
4 
0.02
382
2 
-
0.01
6862 
-
0.11
734 
-
0.1
340
6 
-
0.00
956
71 
0.03
437
6 
0.00
4130
4 
-
0.00
396
15 
-
0.01
563 
0.04
838
8 
-
0.01
182
3 
-
0.04
9519 
0.01
435
1 
0.01
787
4 
-
0.01
563
2 
-
0.00
0708
46 
0.00
0518
53 
MB.R.2
516r 
-
0.25
531 
-
0.0
345
03 
-
0.03
716
3 
-
0.02
0709 
-
0.00
474
45 
0.0
125
47 
-
0.09
680
2 
0.03
470
9 
-
0.10
402 
0.01
559
2 
-
0.00
613
12 
-
0.01
727
4 
0.00
665
22 
-
0.01
1749 
0.03
641
4 
-
0.02
354
9 
-
0.00
348
02 
-
0.00
0258
52 
0.00
0569
98 
MB.R.2
523l 
-
0.53
766 
0.0
489
13 
-
0.09
531
1 
-
0.00
9544
3 
0.01
266
1 
-
0.0
270
18 
-
0.10
08 
0.00
157
67 
-
0.02
9309 
-
0.08
084 
0.03
888
9 
-
0.04
279 
-
0.03
703
8 
0.00
7415
3 
-
0.01
387
6 
0.03
169
1 
0.00
207
72 
-
0.00
2033
1 
0.00
0244
7 
MB.R.2
522r 
-
0.36
81 
-
0.3
-
0.33
073 
-
0.09
6895 
-
0.09
0.0
737
51 
0.05
253
6 
-
0.05
0.05
6865 
0.01
650
2 
-
0.01
-
0.02
0.02
181
8 
-
0.00
0.01
643
6 
-
0.00
0.00
553
47 
-
0.00
0.00
0225
19 
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059
6 
563
4 
024
1 
386
4 
297
3 
5206
7 
154
47 
2522
6 
MB.R.2
520r 
-
0.43
027 
0.4
4 
0.03
778 
-
0.08
973 
-
0.18
143 
0.0
458
37 
0.05
009
7 
-
0.04
666
4 
0.04
7491 
-
0.02
960
2 
-
0.03
53 
0.00
320
55 
-
0.01
360
6 
-
0.00
0285
24 
-
0.01
191
1 
-
0.00
666
96 
-
0.01
282
8 
-
0.00
1261
2 
-
0.00
0293
22 
MB.R.1
709l 
-
12.0
08 
-
0.0
890
39 
-
0.00
440
39 
-
0.00
0421
24 
0.11
77 
-
0.0
655
14 
-
0.04
343
2 
0.02
892
8 
-
0.00
7368
3 
-
0.02
976
4 
-
0.07
376
8 
0.02
856
2 
0.01
523
1 
0.00
4157
8 
-
0.03
158
8 
-
0.02
267
6 
0.00
636
59 
-
0.00
0346
49 
-
6,50
E-01 
MB.R.5
101.1r 
0.70
972 
0.2
257
1 
-
0.02
227
8 
-
0.12
421 
-
0.01
139
3 
0.0
777
31 
-
0.06
430
6 
0.07
032
7 
0.02
7571 
0.05
698
9 
0.00
722
47 
-
0.02
383
3 
-
0.03
283 
-
0.02
1048 
-
0.01
650
6 
-
0.02
371
7 
0.00
811
43 
-
0.00
1095
7 
-
2,23
E-01 
MB.R.5
102l 
0.67
766 
0.0
906
77 
-
0.03
088
4 
-
0.07
7561 
0.17
771 
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Annex VIII – Loading scores and Linear Bivariate model of GM 
 
 
Annex VIII: loading scores of PC 1 and PC2 for the femora (A, B) and tibiae (A1, B1). 
Bivariate linear model between PC1 and GM  for femora (C) and tibiae (C1).  
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Annex IX – Morphometrics variables from Hübner 2018 
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